
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



B 




A 



THE LIBRARY OF ROMANCE 



Lamiskfy lOautraUd. Ex, Cromm 8w. 5/- each voktm4 

"Sptoodid ^KAammr-^Tkt OuiMk 

" Gift BoQin whoM valna it woald b« difBcatt to over«itlmAte.**--7:i# 5teiM£»^ 

"ThsM popular Natural Hiatofr PnbUcatioiis art writtao bj competont 
fehoritloa, and baiidoi boiog entoraUaiiig art inatructive and adocativ*.'^ 

Lioet^^ool Cmritr 
"Thia teitao liaa now woo a oonsideralilo and well daiemod ropntatioii.'* 

Th4Guardum 



THE ROMANCE OF 

MODERN MECHANISM 

IntrrcUing doteripdoasiD Doo-tediDical 

kngiMSe of Wowtarftil Machiiienr and 

Mwdmaiad Devices and Manrelloiuiy 



ARCHIBALD WILLIAMS 
&A^ pjLas. 

IVith ikiriy ilhuirmiwnt 
« Mr. WUllaaa !■ aa Old CaTomto. 
A gwratiirij fiMomattngbook." 

Lioe9fc0i Courier 



THE ROMANCE OF 
MODERN EXPLORATION 

With dacriptioQS of Cnriooi Coatons, 

Thrilling Adventures, and Interesting 

Discoveries in aU Pam of the Worid 

ARCHIBALD WILLIAMS 

B.A., F.R.a& 

With twttUysix ilbuirmiiems 

M A mlBO or lafkniiiatloB and gUrring 

1akBtdtm%,^—Sc0tsmum 



THE ROMANCE OF 
MODERN ELECTRICITY 

Describing in non-tedinical langnage 

what is known about Electricity and 

many of its Interesting Applications 

CHARLES R. GIBSON, A.I.E.E. 

IViih thirMonr illuMtratims mnd 

eUotu diagrams 

"AdrntraUa. . . olaar and oonoiat.'' 

Tkt Graphic 

** 7wj antartalnlng and iBitmotiTa.' 

TheQuggm 



THE ROMANCE OF 

INSECT LIFE 

Dcscrifains the Curious and Interesting 

in the Insect World 

EDMUND SELOUS 

IPiM twem^ iUuttroHont 

•« WtU moilta ita alluring Utla." 

Daily TeUgraph 

**Ux, Itiona, tte walMmown na- 
tsrallatk wrltao la pnralj infannal 
f^J\^,^'■'Th4Gl^^l>€ 



THE ROMANCE OF 
ANIMAL ARTS <&• CRAFTS 
Interesting accounts of the Snnning, 
Blanufiicturs of Paper and Pottery, 
Atoonantics, Raf t • Duilding. Road- 
making, & other Industries tf wild Life 

H. COUPIN, D.St, A* T. LEA, B.A. 
With /wrMSr^MWM iliustrutions 

-A nhanntng niDJeofc wall lat ftartli.» 
Athemeum 



THE ROMANCE 
OF THE ANIMAL WORLD 

Describing the Curious and Interesting 
m Natural History 

EDMUND^ SELOUS 
Wiih iixiMH/aii-pagt illustrations 

•"A Tory flMolnattng wtalk,**— Graphic 



THE ROMANCE OF 
EARLY EXPLORATION 

With descriptions of the Interesting 

Discoveries, Adventures, & Wonderful 

Bravery of the Early Explorers 

ARCHIBALD WILLIAMS 

H.A.. F.R.G.S. 
IVith sixteen illustrations 
■*ViTld and Tlgonnia.'* 

Glasgow Herald 



THE ROMANCE OF 
MISSIONARY HEROISM 

True Stories of the Intrepid Bravery 

and Stirring Adventures of Missionaries 

with Uncivilized Men, Wild Beasts, 

in all Parts of the World 

JOHN C LAMBERT, B.A,, D.D. 
With thirty-nine illustrations 

■* A moit entranolng Tolvma." 

Expository Tinus 



THE ROMANCE OF 
PLANT LIFE 

Describing the Curious and Interesting 
in the Plant Worid 

G. F. SCOTT ELLIOT, M.A., B.Sc 
With thirty-four iUustroHons 

**Ilit«D8ely InterMtlng." 

Leeds Mercury 



SEELEY ^ COMPANY LIMITED 



THE LIBRARY OF ROMANCE 

Backvolmm$profusdjftthutraUd. Ex. Crown ^oo. 51. 



THE ROMANCE OF 
SAVAGE LIFE 

Deacribinf the Habits, Cmtoiiis, Every- 
day Life, Arts, Crafb, Oemet, Adven- 
tores and Sports of PrimitiTe Man 

By PMor. G. F. SCOTT KLLIOT 

MJL (CANTAB.). B.SC. (mOIN.K 
F.a.G.S.. F.L.S.. AC 

WUk forty Ulmtraiiaiu. 



THE ROMANCE OF 
THE WORLDS FISHERIES 

With descriptions of tbe Many and 

Canons Methods of Fishing in all 

parts of the world 

Bt SIDNEY WRIGHT 

With inHtUy-fmr UlmsiratwHS 



THE ROMANCE OF 

MODERN SIEGES 

Describing the Personal Adventoree, 

Resource and Daring of Besiegen 

and Besieged in aU parts of the world 

By thb Rby. EDWARD GILLIAT 
Sometiae MMter el Hsnov School. 
Author of "la Uacoln Graoa.- ISx, 

IVitk sixUm iUtutrmiUm 



THE ROMANCE OF 

MODERN PHOTOGRAPHY 

Its Discovery and its Applications 

By CHARLES R. GIBSON, A.LE.E. 
. ^ _ Anther of 

**The RoMUMo of Moden Electricity " 

WUk sixir-tMrtt aiuttrmiumt 



THE ROMANCE OF 
MODERN INVENTION 

Conuining Interesthig descriptions in 
non-technical language of Wireless 
Telegraphy. Liquid Air. Modem Artil- 
lery. Submarines, Diridble Torpedoes, 
Solar Motors, Airships, etc. etc 

By ARCHIBALD WILLIAMS 
B.A.. F.R.aS. 

With twemiyjiv* iiiuttrmtiomt 

**Th«i« if BO boy but will keenlj 
«moy tlili admln^ yotuino.** 

Stamdard 



THE ROMANCE OF 
MODERN ENGINEERING 

Containing interesting descriptions in 
non-technical language of the Nile Dam, 
the Panama Canal, the Tower Bridge, 
the Brooklyn Bridge, the Trans-Siberum 
RaUway, the Niagara Falls Power Co., 
Bermuda Floaung Dock, etc etc 

By ARCHIBALD WILLIAMS 

B.A.. F.R.G.S. 

With many iUmttraiions 

'*Ora>hlo and abforbing doiorlp- 

ttOBi of tlio woBdorttil InTentioni of 

onr ^Jkf,^—Grt^kic 



THE ROMANCE OF 
MODERN LOCOMOTION 
Containing interssttng descriptions of 
the rise and derebpment of the rail- 
road systems in aU paru of the world 

By ARCHIBALD WILLIAMS 
B.A.. F.R.aS. 

WUk twtmyfSvt tUuUrmHoiu 
"OtU^ wmtoi, brtmfU or tnol- 
dnk to latolUniit lAdf ihoiild bo 
a Bollaatyiio ■1017.'' 

GUugvw Htraid 



THE ROMANCE OF 
MINING 

Containing bteresting descriptions of 

the Methods of Mining for Minerals 

in aU parts of the World 

By ARCHIBALD WILLIAMS 
B.A.. F.R.G.S. 

With twomiy-four UbutrtUions 

**Wo oumot pnlfo thla book too 
hlgUy.^—^nVir^ Weekly 



THE ROMANCE OF 

POLAR EXPLORATION 

Adventures Arctic and Antarctic, from 

the Earliest Times to the Voyage of the 

"Discovery" 

By G. firth SCOTT 

HrWktwemMimrilimtirmHmt 
Bxtrm, Crewn 8e«i 3/. 
Mfimiiiiigiy lBtorMtJBg.'» 

Liverpool CemrUr 



THE ROMANCE OF 

THE MIGHTY DEEP 

A popular account of the Ocean, the 

Laws by which it is ruled, iu wonderful 

powers and strange inhabitants 

By AGNES GIBERNE 
WUk iUmtreUiPfU 

*«MMt ftooinatlng; ftdminbly 
adapted fbr tho young." 

Daily New$ 



SEELEY 6« COMPANY LIMITED 




THE ROMANCE OF 
MODERN PHOTOGRAPHY 










Ths L4RC85T Photograph ik tk^ Wo^iiAi 

^^ opper Waatntion shows the method of developing iVie |^\%mv\\c vVxoVofKtuvV, 
f the lower Wustration shows the long pholosrapVv bein^t unT«\«A \t\\.o vVv^i 
"^ Uth. (See cbmp, xvfiL) 




I 



THE ROMANCE OF 
MODERN PHOTOGRAPHY 

ITS DISCOVERY *• ITS ACHIEVEMENTS 



BT 



CHARLES R. GIBSON 

AOTHOK or ' 
[ lOltAllCB or MODSBM BLBCTBKITT," "BLBCnUCITV OP 



WITH SIXTY-THREE ILLUSTRATIONS 



LONDON 
SEELEY AND CO. LIMITED 

38 GREAT RUSSELL STREET 
1908 



r 



UNIFORM WITH THIS VOLUME 

THE LIBRARY OF ROMANCE 

EximCrmxmho0, WUk mm^ iUmtiraUom, v,§aek 

••Splendid voIurim. "—r/kt Ovtlttok. 

••This Mrlat hat now won a contidorable and well deeerved 
reputation.''— rftt 6uardiati, 

••Each volume treats Its allotted theme with aoouracy, 
but at the same time with a charm that will commend 
itself to readers of all agee. The root Idea Is excellent, 
and It Is excellently carried out, with fUll illustrations and 
very pnsttUt (JMlgned covers."— Hbt Daliif Ttttgrapk, 

ifiPrJt G. P. SCOTT BLLIOT, M.A., B.Sc 
TRIE ROBCANCE OF SAVAGE LIFE 
THE ROMANCE OF PLANT UFE 

By BDWARD GILLIAT, U.A. 
THE ROMANCE OF MODERN SIEGES 

By JOHN LBA, M.A., ^ H. COUPIN, D.Sc. 
THE ROMANCE OF ANIMAL ARTS AND CRAFTS 

By SIDNEY WRIGHT 
THE ROMANCE OF THE WORLD'S FISHERIES 

By the Rev. J. C LAMBERT, M.A., D.D. 
THE ROMANCE OF MISSIONARY HEROISM 

By G. PIRTH SCOTT 
THE ROMANCE OF POLAR EXPLORATION 

By ARCHIBALD WILLIAMS, B.A. (Ozon.), P.R.G.S. 
THE ROMANCE OF EARLY EXPLORATION 
THE ROMANCE OF MODERN EXPLORATION 
THE ROMANCE OF MODERN MECHANISM 
THE ROMANCE OF MODERN INVENTION 
THE ROMANCE OF MODERN ENGINEERING 
THE ROMANCE OF MODERN LOCOMOTION 
THE ROMANCE OF MODERN MINING 

By CHARLES R. GIBSON, A.I.E.E. 
THE ROMANCE OF MODERN PHOTOGRAPHY 
THE ROMANCE OF MODERN ELECTRICITY 

By EDMUND SELOUS 
THE ROBfANCE OF THE ANIMAL WORLD 
THE ROMANCE OF INSECT LIFE 

By AGNES GIBERNE 
THE ROMANCE OF THE MIGHTY DEEP 

SEELEY 6* Ca, UMITED 



PREFACE 

IT is not the author^s purpose in the present volume to 
give any instruction in the practice of photography. 
There are many useful works dealing with the prac- 
tical side of the subject His object is to tell the romantic 
story of the discovery of this wonderful art, and the steps 
by which its range has been extended until it can achieve 
results which only a few years ago would have been 
thought impossible. A glance at the list of chapters 
will show what a wide field photography now covers, 
and what service it renders to man, both in his everyday 
life and in his most subtle scientific researches. 

The story has been told in the most readable form 
that the author could give it ; but in an Appendix will 
be found a record of the successive incidents in the 
history of the invention, with the dates, and the names of 
the inventors, in a shape convenient for reference. 

The author is indebted to many friends for interesting 
information and references. Among these are Professor 
Eom, of Munich University; Professor Reiss, of Lau- 
sanne University ; Professor Muir, of the West of Scot- 
land Technical College ; J. Craig Annan, William Lang, 
Patrick Falconer, and John Trotter, of Glasgow. 

The author is indebted to the following gentlemen for 
very kindly reading the proof sheets of the chapters re- 
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lating to their special subjects : Dr. John 6. McKendrick, 
F.B.S. (Emeritus Professor in the University of Glasgow), 
H. Stanley Allen, m.a., b.sc. (Senior Lecturer in Physics, 
King^s College, University of London), Dr. R. M. 
Buchanan (Bacteriologist to the City of Glasgow), Dr. 
J. Robertson Riddell (Royal Infirmary, Glasgow), W. B. 
Hislop (Lecturer on Process Work, Heriot Watt College, 
EdinburghX and Inspector Stedman, New Scotland Yard 
(London). 

In connection with the illustrations the author is in- 
debted to Professor Kom, Professor Reiss, Edgar Senior 
(Battersea PolytechnicX Dr. W. J. S. Lockyer (Solar 
Physics Observatory), Dr. Vaughan Cornish, Arthur E. 
Smith, Richard Kerr, f.b.a.s., the Authorities at New 
Scotland Yard, London, the Criminal Investigation De- 
partment, Glasgow, and the West of Scotland Amateur 
Photographic Association. Also to the Librarian of 
Glasgow University, Dr. R. M. Buchanan, Charles 
Stewart, Alexander McGrouther, R. Brinkley and Sons, 
John Trotter, Glasgow ; Rev. J. B. Thomson, Greenock ; 
and the Neue Photographische Gesellschaft, Berlin- 
Steglitz. The author is also indebted to the Thornton 
Pickard Company, Ltd., Altrincham, for the photographs 
of a pictorial character, and to J. A. Johnston and Com- 
pany, of 41 Snow Hill, E.C., for making the half-tone 
blocks for the illustrations facing pages 64, 82, 128, 180, 
SIO, 230, and 254. The author is indebted to Signor 
Ferdinand M. De Bianchi, Italian Consul at Madeira, for 
the photograph shown opposite page 268. 
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THE EOMANCE OF 
MODEBN PHOTOGKAPHY 



CHAPTER I 

HOW PHOTOGRAPHY CAME TO 
BE INVENTED 

Ao amusing incident— Early invention of the camera obscora— Photo- 
gnphy foreshadowed in early fiction — An interesting legend about 
one of the alchemists— Some eariy experiments in London. 

THERE are few readers who require to have the 
general principles of photography explained to 
them. Almost every one is quite familiar with the 
dark camera, the exposure of the sensitised plate, the 
later developing and fixing of the image by chemical 
processes thereby producing a negative, and finally the 
paper picture obtained by contact printing by daylight. 
Tlie general public were not always so well versed in 
photographic methods. I can well remember, some 
twenty years ago, when, in country districts, one found 
people surprised that the photographic artist ^^ could 
draw that quickly^; the idea being that he drew the 
pictures by hand the while he disappeared beneath his 
focussing doth. 
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HOW PHOTOGRAPHY 

One sometimes fomid well-educated townspeople fail- 
ing to grasp the first principles of photography. I 
remember one incident when an early enthusiast was 
staying in the country. He wrote asking a friend, who 
was about to pay him a visit, to bring with him some 
photographic plates. The friend when he arrived ex- 
plained that these photographic plates had given him 
a fright. He had let them fall by accident, and, fearing 
they might be broken, he had opened the box on the 
journey, and was quite relieved to find that there was not 
even a crack on any of the plates. We can imagine his 
feelings when he was informed that the plates having 
been once exposed to light were absolutely useless. 

We have become so accustomed to photography that 
it will be of interest to see how man discovered this art. 
We hardly expect to find that photography was invented 
by a certain man on a certain date, and yet there must 
have been a first photograph. Our difficulty is to know 
which of the early attempts we can really call a photo- 
graph. There are, however, a few names which stand 
out very prominently in connection with the invention of 
photography. All invention is more or less an evolution ; 
a simple association of ideas. The ideas and discoveries 
of one generation lead on to the further discoveries of 
the succeeding generation. In some cases progress is 
very slow, while in others vast strides sxe rapidly made. 
Previous to the dawn of the nineteenth century all 
scientific progress was necessarily slow, for information 
travelled very slowly. Man had to carry intelligence 
ftom one place to another. News could not then be 
flashed to the ends of the earth with lightning speed, 
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CAME TO BE INVENTED 

nor did there exist any steamers to race across the oceans. 
Just as in the case of electricity we find an important 
discovery Ijring dormant for many centmies, so we find 
the basis of photography discovered hmidreds of years 
before there was any practical application. To those who 
have not already considered the matter it may at first 
seem somewhat strange that the camera should have 
existed for nearly three hundred years before photography 
was invented 

In the middle of the sixteenth century there lived an 
Italian philosopher, Battista Porta, who exhibited what 
we know as a camera .dfi^curak All he did was to put a 
tightly fitting shutter on his window, so that no light 
could enter, except by a smedl hole which he had cut in 
the centre of the shutter. This hole was in size rather 
less than would permit the little finger to pass through. 
When this was done there appeared upon the opposite 
wall of the room an inverted image of the outdoor scene 
immediately in front of his window. Indeed, there was a 
fifiusimile of the view he had frt)m his window, except that 
everything was standing on its head. The philosopher 
went into raptures, crowds flocked to his house in Naples 
to see these '^pictures painted by light, glowing with 
colour and marvellously accurate.^ It has been stated 
by many that Battista Porta invented the camera obscura^ 
but there are records of such cameras prior to Portals 
time. Many of us have probably seen the same phenomenon 
accidentally produced at one time or another. I can well 
remember, as clearly as though it were but yesterday, 
when, at the age of ten, I came downstairs early one 
bright summer morning before the outer front door had 
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HOW PHOTOGRAPHY 

been opened, I was very much surprised to see on the 
ground glass of the inner door an inverted image of 
the fields and trees in firont of the house, every detail 
being most faithfully reproduced. I can remember 
that I was not satisfied till I learned the cause of the 
picture being upside down. No doubt the reason for this 
is patent to most readers, but if not the matter will be 
made clear when we come to consider ^' Nature^s Camera.^ 

Battista Porta caused the image to fall upon a white 
surface so that the details might be more clearly seen ; an 
experiment which may be very easily repeated by any one. 
About this time it was also found that the image could 
be improved by placing a glass lens at the hole in the 
dark shutter. This gave a much brighter and what photo- 
graphers call a sharper picture. The lens was not a 
new invention. People were well acquainted with glass 
lenses ; they were in common use long before this time, 
having been worn in spectacles for some two hundred and 
fifty years before this. The idea of glass lenses, where- 
with to focus light, must have been of very early origin, 
for there may be seen in the Assyrian department of the 
British Museum a glass lens which was foimd in the ruins 
of Nineveh (1000 b.c.), that great city on the top of 
whose high walls three chariots could drive abreast around 
its sixty-mile circumference. There is, of course, the 
possibility that this ancient lens was merely used as an 
ornament. 

The introduction of the lens into the camera obscura 
still left the image upside down. A mirror placed close 
to the lens caused the light to be thrown down through 
the lens on to a horizontal table instead of its falling 
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CAME TO BE INVENTED 

upon the upright walL The observer could then view 
the picture in its natural position by merely taking his 
stand at the base of it without the necessity of standing 
on his head. 

When it became known that the necessary apparatus 
was so very simple, these dark chambers or camera ob- 
scunu became a source of amusement in the country 
houses of the wealthy. We still find a few such instru- 
ments exhibited in large cities by way of entertainment. 
I remember how, many years ago, one of my mother^s 
maids returned from a visit to the Scottish capital, filled 
with delight and wonderment at what she had seen at the 
^ dispensary.^ It seemed strange that the girl should 
have included a dispensary in her sight-seeing, but on 
cross-examination it was found to be a camera obscura. 
Possibly her idea was that the light dispensed the picture 
upon the table. 

The idea of trying to catch and fix these pictures of 
Nature may have occurred to many, but to the majority 
of people it would seem an absolute impossibility. Some 
early writers of fiction described Nature herself producing 
pictures ; very possibly the idea was suggested by these 
sixteenth-century camera obscuras. Late in the seven- 
teenth century one writer imagines himself transported to 
a fax country where pictures were produ6ed in the following 
manner. Great vessels made of gold and silver were filled 
with water. The surface of the water reflected the sur- 
rounding scene, but, strange to say, the water then froze 
and retained the picture permanently. About the middle 
of the eighteenth century another writer of fiction dreams 
he is in the very heart of Africa, where he is conducted 
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by his guide into a darkened chamber. He saw out of 
a window a great sea which seemed to be a quarter of a 
mile distant. We can imagine his surprise upon seeing 
the ocean in the centre of Africa. It seemed to him a 
miracle, as his own words will show. ^' I hastily ran to 
convince my eyes of so improbable a thing. But in trying 
to put my head out of the window I knocked it against 
something that felt like a wall Stunned with the blow, 
and still more with so many mysteries, I drew back a 
few paces. 

" * Thy hurry,^ said the guide, * occasions thy mistake. 
That window, that vast horizon, those black douds, that 
raging sea, are all but a picture. The elementary spirits 
have composed a most subtle matter, by the help of which 
a picture is made in the twinkle of an eye. They do over 
with this matter a piece of canvas, and hold it before the 
objects they have a mind to paint. The first effect of the 
canvas is that of a mirror. But what the glass cannot do, 
the canvas, by means of the viscous matter, retains the 
image. The impression of the images is made the first 
instant they are received on the canvas, which is im- 
mediately carried away into some dark place. An hour 
after, the subtle matter dries, and you have a picture so 
much the more valuable as it cannot be imitated by art 
or destroyed by time.^^ So runs the tale, which was 
written by Tiphaigne de la Roche, in 1760, under the 
title of GipharUie. This was assuredly a fanciful dream, 
and yet it is a fair description or prediction of what we 
have now accomplished. 

How many people may have made serious attempts to 
fix the image of the camera obscura is not known. At 
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least three experimenterB were saooessfiil, and of these two 
were natives of France, while the third was the grandson 
of an English earL 

What is the earliest date at which photography became 
possible ? One might say that it would have been quite 
possible for Battista Porta to have in some measure fixed 
his Nature^s drawings, as the necessary chemicals were 
known then to the alchemists. There is a legend that, 
just about the same time that this famous Italian philoso- 
pher was exhibiting his camera obscura^ one of these 
alchemists, who was seeking in vain for the philosopher's 
stone or the elixir viias^ chanced to drop some ordinary 
sea-salt into a solution of silver nitrate, whereupon the 
liquid became white like milk. This phenomenon by 
itself would not astonish the alchemist, but he observed 
that when sunlight fell upon this white liquid it very 
quickly turned black. However, as this new phenomenon 
did not seem to TeEui towards either of the goals for which 
the alchemist was striving, he did not reckon it of much 
importance. These old-time alchemists were by no means 
all rogues or charlatans ; many of them earnestly sought 
after the pWosopher's stone and the elixir vitw. They 
really believed that they might succeed in transmuting the 
baser metals into precious gold and silver, cmd that they 
might also discover some panacea which would prolong life 
indefinitely. With the recent discoveries of radium and 
radio-activity, who can say that man may not some day 
see such transmutations of metals? We now see the 
immutable atom of a few years ago breaking up into 
other forms of matter ; it is true this newly discovered 
action of Nature is only a transmutation on a very small^^ 
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scale, but scieiitirtfl are not going to be dogmatic and say 
that it will for ever be impossible to hasten this process. 
Many scientists of a century ago even believed photo- 
graphy to be for ever an impossible thing. 

I imagine that as r^ards the second goal of the 
alchemist — the indefinite prolongation of life — ^the most 
of us are ready to be dogmatic, despite the ingenious sug- 
gestions of Professor Metchnikoff, of the Pasteur Institute. 
This learned gentleman believes that were it permissible 
to prepare certain serums and inject them into the human 
body old age would be defied. However, to return to the 
alchemists, we find that they treated the study of chemi- 
cal phenomena in very much the same spirit as the 
astrologers looked upon a knowledge of the stars. To the 
astrologer the only useful purpose in a study of the heavenly 
bodies was to enable him to foretell future events and per- 
chance in some mysterious way to influence them. So it 
was with the alchemist ; he treated his discoveries lightly 
if they did not seem to take him nearer his twofold goal. 
Nevertheless these men made many discoveries which are 
of much importance to us to-day. 

Despite the existence of the legend to which I have 
referred, it seems doubtful whether or not the alchemists 
were really aware of the action of light upon silver salts, 
although it is certain that these men made silver nitrate. 
In any case, it was well known in the sixteenth century 
that silver ore sometimes changed colour when brought 
up from the mines. If the alchemists did know of this 
property of silver salts, it is clear that they did not consider 
the phenomenon of much importance ; it is certain that 
the subject did not attract any attention. It is interesting 
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to note that a German physician, Bome two centuries 
later, amused his firiends by making up a mixture of chalk 
and silver nitrate in a bottle, and then exposing the bottle 
to sunlight. He cut out designs and words in card*- 
board, after the manner of stencils, and when he allowed 
sunlight to shine through these upon the contents of hiB 
bottle, there appeared the same design or word in black . 
upon the chemical mixture. Shaking the bottle well 
caused the image to disappear, whereupon the bottle was 
ready for another performance. It has been suggested 
that this man should be called the inventor of photoi- 
graphy — but he really only invented a conjuring trick. 
Leaving the alchemists out of account, this man may 
have been the first to note the darkening efiect of light. 

Early in the nineteenth century Wedgwood, a son of 
the famous English potter, made some interesting experi- 
ments with silver salts. Wedgwood was assisted in some 
of these experiments by the great Sir Humphry Davy, 
who did so much pioneer work for chemistry and elec- 
tricity. These two experimenters coated paper, and also 
white leather, with a weak solution of silver salts. They 
then laid opaque objects upon the prepared surface, and 
thus caused the shadows of the objects to imprint them- 
selves. In other words, the paper turned black on ex- 
posure to light, except at those places where the paper 
was protected from the light by the intervening objects. 
Hie result was a white print upon a black ground. 

Tliese experimenters tried some of their prepared paper 
in a camera obscura^ but without any result. Their 
failure was no doubt due to the want of intensity in the 
light which passed into the camera abscura^ for Davy 
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afterwards succeeded in producing images of objects 
placed in a 9olar microscope^ which had a more concen- 
trated light. With a modem camera cuid ordinary 
photographic paper it is quite easy to take a photograph 
directly on to the paper in the camera, provided a 
sufficiently long exposure is given. 

Wedgwood and Davy succeeded in copjdng paintings 
on glass by placing them in contact with a sensitised 
paper, but they do not seem to have considered the sub- 
ject to be of much practical importance. They were not 
able to fix the image permanently; the light soon black- 
ened the whole paper and therefore destroyed the picture. 
One may be a little surprised that our illustrious chemist, 
Humphry Davy, did not devise some means of fixing the 
paper print, and the surprise is increased when one learns 
that all that was really necessary was to dip the print in 
salt water. Wedgwood and Davy did make some at- 
tempts to fix the picture by washing the prints thoroughly 
and by coating the surface with varnish, but these 
methods failed to prevent the further action of light. 
Referring to the possibility of fixing such prints, Davy 
wrote : " Only this is wanting to render the process as use- 
ful as it is elegant.^ I have said that one may be sur- 
prised to learn that Davy failed in overcoming so simple 
an obstruction, but I cannot think that he really gave 
the matter any very earnest attention, for he was at this 
time deep in chemical and electro-chemical research work, 
which, no doubt, appealed to him as being of far greater 
importance. It may be remarked in passing that these 
experiments made by Wedgwood and Davy had also been 

^ The solar microscope was practically a sunlight magic lantern. 
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made abroad more than half a century previously, but 
these two Rnglwh ezperimenterB do not appear to have 
been awaie of this tact} 

TUs is how matters stood at the beginning of the nine- 
teenth century, and indeed at the time when our late 
Queen Victoria was a girL Then followed three separate 
romances, the discoveries of Ni^pce, Daguerre, and Talbot, 
the three pioneers already referred to, the first two being 
Rrench and the third an Englishman. 



> Names and dates not detaUed in this diM)ter will be found in tbe 
Appendix at page 337. 
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CHAPTER II 

EARLY PHOTOGRAPHS ON 
SILVERED PLATES 

Large prices paid for early photographs— The reason why— A famoua 
scene painter— ''Is Dagaerre mad?'*— Dagaerre finds he has a 
rival in Ni^poe— Strange story of another unknown rlyal — How 
Ni6pce made his pictures— Dagaerre and Ni^pce enter into partner- 
ship — An accidental discovery makes photography a practical 
success— How daguerreotypes were made— Daguerre fails to float 
a company— A great speech in the French Chamber of Deputies — 
Government pensions for the inventors — Have the historians mis- 
represented Daguerre^s character? 

MANY of us have in our possession small leather 
cases or frames containing pictures of our grand- 
parents. These pictures are on metal and are 
usually protected by a glass cover. These are the earliest 
productions of photography, and are known as daguerreo- 
types, having been so called after the inventor of the 
process. There are doubtless some elderly people now 
living who can remember the opening of the first studios 
for the production of these pictures in 184!0. 

Our grandfathers did not have their photographs taken 
so often as we do ; it was in their time a very expensive 
luxury. Our own calls upon the photographer would be 
less frequent if we had to pay from two and a half to 
four guineas for one single copy, and yet these were the 
actual prices paid during the first fourteen yeaiB. Why 
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soeb, exorbitant prices? In the first place the photo- 
grapher could not accept an order for a dozen copies ; he 
could only give the one copy which he took in the camera. 
Then again the picture was produced on a polished silver 
sarbce and considerable skill was required, especially in the 
preparation of the plate, so that the prices were really not 
so exorbitant. The case was very difierent from that of 
the photographer of the present day, who may receive 
orders for several dozen photographs all produced at small 
expense from one single negative. 

Those who possess daguerreotjrpes should preserve them, 
as they are becoming rare. In the accompanying illustra- 
tions (facing p. SO), we have photographs of two of these 
early daguerreotjrpes, taken nearly sixty years ago. The 
daguerreotype in the left-hand illustration is in the 
possession of the West of Scotland Photographic Society, 
who kindly gave me permission to copy it. The right- 
hand illustration is from a photograph of a daguerreo- 
type, the original of which cannot be found by a friend who 
has very kindly been searching for it. This daguerreotype 
is of historic interest, as it not only shows the late Queen 
Victoria and the Prince Consort, but also Napoleon III 
and his wife. It was taken in 1854, when the 1851 Ex- 
hibition buildings were reopened as the Crystal Palace. 

It will be of interest to follow Daguerre^s career so 
far as that relates to the invention of this process of 
photography which bears his name. Early in the nine- 
teenth century Daguerre distinguished himself as a scene 
painter for the theatres in Paris. He had been some- 
what neglected by his parents and allowed to drift into 
any occupation that attracted him. Daguerre was aa 
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enthusiast, and in addition to exhibiting originality as an 
artist, he introduced many ingenious stage eflects. Along 
with another artist he painted a diorama, which was a kind 
of panorama with what we should now call ^^ dissolving 
views ^ in connection with magic lanterns. This was 
shown in Paris in 1822 and brought Daguerre mudi fame. 
He, and many other artists, made use of the camera 
obicura when making sketdies from Nature. Our old 
friend Battista Porta made this suggestion at the very 
outset. Sometimes the artist would carry a small dark 
tent with him, wherein he would sit and make sketches 
fit>m the picture ^^ drawn by Nature^ upon the white 
screen before him. Daguerre became possessed of a great 
desire to fix those pictures without requiring to copy them. 
He became so enthusiastic about this that he is said to 
have spent nine-tenths of his whole time in his laboratory. 
As time went on, his wife became alarmed. Was her 
husband going mad ? Was he striving after something 
which was perfectly ridiculous ? She consulted one of the 
well-known men of science, but the most comforting 
assurance she could get was to this effect : ^^ In our present 
state of knowledge it is impossible, but it may not always 
remain an absolute impossibility.^ 

Daguerre^s first attempts were with paper soaked in 
silver salts ; just such experiments as had been tried by 
Wedgwood and Davy, as related in the preceding 
chapter. Despite all his patient toiling, Daguerre seems 
to have met with little success in this direction, although 
we have already seen that the thing is possible, provided 
sufficient light enters the camera. 

It so happened that the opticicm in Paris from whom 
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Dagaerre bought his apparatus, and who was aware of 
Daguerre^s experiments, chanced to have, as a customer, 
another scientific enthusiast, who was earnestly seeking 
after the same goal This other would-be inventor was 
Joseph Nic^phore Ni^pce, who lived far away fit>m Paris, 
at Chalons-sur-Sadne. Ni^pce^ was of a much more reticent 
nature than Daguerre, and, living at a distance, his calls 
at the optician^s shop were much less frequent than those 
of Daguerre, who called r^ularly once a week. The 
Paris optician, Charles Chevalier, informed Daguerre that 
another gentleman was also making experiments, with the. 
hope of fixing the image of the camera obscura. Daguerre 
thereupon wrote to Ni^pce informing him that he too was 
busily engaged upon this subject, but Daguerre received 
no reply to his letter. Ni^pce put the letter in the fire, 
believing it was merely a ruse on the part of some one 
anxious to obtain his secret. In about twelve months 
Daguerre tried again to get in touch with Ni^pce, stating 
that he had arrived at important though imperfect results. 
Daguerre suggested that it might be advantageous to 
both if they were to make a mutual exchange of their 
secrets. Ni^pce made inquiries regarding Daguerre, and 
evidently was satisfied that his claims were genuine, for 
a correspondence was begun between these two inventors, 
who, later on, exchanged samples of their work, and 
ultimately met, and signed a co-partnery agreement. 
Each partner agreed to make known to the other his 
present and future achievements. 

In the preceding chapter I remarked that the idea of 

1 There seems to be some question about the proper proniuiciatioii 
of this word, but the best authorities pronounce it Nu-^pt, 
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trying to fix the image of the camera obacura may have 
occurred to many people. There was at least erne other 
man woricing at this problem in secret, and he evidently 
met with considerable success. His existence might never 
have been made known to us, but for a chance call which 
he made at Chevalier^s shop. Chevalier tells us that one 
day a very shabbily dressed young man entered his shop 
and inquired the price of a certain camera. The man 
was pale and miserable-looking, and altogether very 
unlike the probable purchaser of a camera. When 
Chevalier told him the price the young man looked very 
disappointed, and stood dumb. The optician asked him 
if he might inquire to what purpose the young man pro- 
posed putting the camera. The youth hesitated a moment 
and then said that he had succeeded in fixing the image of 
the camera on paper, but that he had only a very rough 
piece of apparatus to work with. He declared, however, 
that he had already obtained such good pictiu'es from his 
window that if he could only get a good camera his 
invention would be perfect. Chevalier thought to himself 
— another poor fool striving after the impossible. Possibly 
he gave outward signs of his disbelief, for the young man 
produced from an inside pocket a very tattered-looking 
pocket-book. We can imagine Chevalier's surprise when 
the young man laid upon the counter a view of Paris. 
Chevalier could not control his astonishment — it was quite 
clear that this picture was not the work of the hand of 
man; it could not be mistaken for a drawing, nor for 
a painting in black and white. 

This struggling inventor seems to have been very frank 
about his methods, for he handed Chevalier a bottle of 
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a HaAish fluid, with which he said he had obtained the 
picture. The young man promiaed to return, but never 
appeared again, and we can only guess that his fate was 
a sad one. It is even possible that he may have died of 
want, or dragged out his remaining days in some obscure 
alms-house. One feels inclined to speculate as to what 
might have been, had Chevalier only thought of lending 
the poor fellow the necessary apparatus, and giving him 
some assistance until his invention was perfected. We 
might then have had this unknown man^s name handed 
down as the inventor of photography, for this event 
occurred in 18S6,at which date neither Ni^pce nor Daguerre 
had produced such pictures. However, it is very prob- 
able that Chevalier did not mean to lose sight of this 
remarkable youth. No doubt Chevalier was so much sur- 
prised at the whole meeting that it did not occur to him 
even to ask the stranger^s name and address. 

Chevalier tells us that he tried to fix the image of the 
camera by means of the solution which the stranger left 
with him, but without success. It is most likely he did 
not know how to handle the solution ; indeed, it is possible 
that he may have exposed the liquid to light and thus 
rendered it useless before he ever tried to make use of it. 

Chevalier informed Daguerre of this stranger's visit, 
and he gave the remainder of the solution to Daguerre, 
who also failed to get any result. The fact that Chevalier 
actually saw the ^^ photograph^ himself is, however, proof 
of the genuineness of the young man'^s claims. 

To return to Niepce, who was more fortunate in pos- 
sessing an ample supply of this world's goods ; we find 
that Niepce had been at work upon this problem for ten 
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years before he met Daguerre. It was generally known at 
this time, at least among chemists, that many substances 
were affected by light. The tanning which our faces get 
in summer at the seaside might* suggest to the least ob- 
servant that sunlight produced some chemical efiect upon 
the skin, even were he ignorant of the cause of the negroes 
colour. 

There was a mineral substance, doubtless of vq;etable 
origin, which is known as bitiunen of Judea; a sort of 
asphalt or pitch, and sometimes called '^Jew^s pitch.^ 
This material when dissolved with some oils was aflfected 
by exposure to light, but an exposure lasting many hours 
— and in sunshine — was necessary. It is not quite clear 
whether Niepce discovered this property of bitumen, or 
whether it had been previously observed. Niepce spread 
his preparation of bitumen upon a tablet of plated silver 
or well-cleaned glass. There were many careful operations 
required, and some knowledge of the great care which was 
necessary may be gleaned from one sentence in Niepce^s 
description of his process. In explaining that the pre- 
pared plate must be protected from a damp atmosphere, 
he says : ^* In this part of the operation a light disc of 
metal, with a handle in the centre, should be held before 
the mouth, in order to condense the moisture of the 
breath." 

At first Nidpce contented himself with making contact 
prints on these prepared tablets, just as Wedgwood and 
Davy had done on paper soaked in silver salts. After 
meeting with success in reproducing engravings, etc., the 
paper being made translucent by oiling or waxing it, 
Niepce endeavoured to secure the image of the camera 
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oUcura. The action of the light was such that those 
parts of the preparation exposed to it were so altered in 
diemical condition that they became insoluble in the oils 
by means of which the bitumen had been previously dis- 
solved. This was very convenient ; it allowed Ni^pce to 
dissolve away all the bitumen except those parts which 
bad been affected by light. The result was that the 
remaining parts of the film produced only a silhouette, or 
black profile of the picture of the camera obscura. For 
his earliest experiments Ni^pce used a camera made out 
of a dgar box, with a lens taken from an old solar micro- 
scope belonging to his grandfather. One great cause of 
defect in those pictures must have been the very long 
exposure necessary. This extended sometimes to six or 
eight hours, and during that time the shadows on the 
scene being photographed would have moved practically 
right across the plate. 

When the partnership was entered into between Niepce 
and Daguerre, the former seems to have been able to 
produce the best results. Daguerre soon made many 
improvements in Niepce^s process, and he evidently aban- 
doned his previous experiments with silver salts altogether. 
However, Daguerre soon became dissatisfied with the long 
exposure necessary, and he earnestly sought after some 
quicker process. 

It may be remarked in passing that Niepce did not call 
his process photography but heliography, or sun drawing. 
Niepce died in 183S, before any commercial success had 
been attained, and the process which did meet with suc- 
cess was quite different from that at which Niepce had 
been working. It is said by many writers that Ni^pce^^pi 
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son who followed him ia the partnenhip was quite willing 
that the suooessful prooess should be called ^ daguerreo- 
type,'' thus taking no notice of the Ni^pce-Daguerre 
agreement I think there must have been some error on 
the part of these historians, for there was a book pub- 
lished in Paris, in 1844, by Ni6pce's son, which seems to 
contradict this statement. Its title translated into 
English reads, '^ History of the discovery improperly 
called ^daguerreotjrpe,' preceded by a notice of the real 
inventor, the late M. Joseph Nicephore Ni^pce, by his 
son, Isidor Ni^pce.'' In the light of this publication the 
general statement that Ni^pce's son agreed to the title 
seems quite untenable. 

Before his meeting with Daguerre, Niepce senior had 
visited his own brother in London. He had taken with 
him some of his pictures, presumably photographic copies 
of engravings. It was suggested that he should read a 
paper, relating to his heliography, before the Royal 
Society, but as he was not willing to divulge the parti- 
culars of his process the Society could not accept the 
paper. Niepce did not consider his process by any means 
perfect, and he was therefore unwilling to publish an 
account of it. Niepce only lived a few years after he 
entered into partnership with Daguerre, and it was not 
till about five years after the death of Niepce that 
Daguerre made the discovery which made photography 
practicable. 

How then did this discovery come about ? It hap- 
pened in a most interesting manner. Our interest is 
always stirred by any discovery made by accident. It is 
certain that the first man who observed that silver salts 
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were Uackened by exposure to sunlight must have made 
the difloovery by accident. He was not seeking to discover 
a substance which would be blackened by sunlight. The 
discovery of the principle of the camera obscura in the 
middle ages, no doubt, could be classed as accidental, but 
not so the experiments of Wedgwood and Davy, nor those 
of Ni^poe. These experiments therefore appear more 
commonplace. As children our interest was stirred by 
such stories as that of Archimedes, the ancient mathe- 
matician (887 B.C.). We could sympathise with him in 
his diflSculty of how to find what quantity of alloy had 
been fraudulently mixed with the gold in the *^pure 
gold^ crown ordered by King Heiro. And when Archi- 
medes visited the baths, still thinking of his problem, 
and observing that his body displaced a certain amount 
of water, which he reasoned must equal the weight of his 
body, we could enter into his excitement as he rushed 
home, undressed, shouting, ^Eureka! Eureka!^ (^^I have 
found it! I have found it!^). Daguerre^s excitement 
similarly knew no bounds when he first imperfectly fixed 
the image of the camera obscura. He exclaimed, ^^ I have 
seized the light! I have arrested his flight! The sun 
himself in future shall draw my pictures I ^ 

Daguerre had abandoned the bitumen process of his 
late partner Ni^pce, as also his own early experiments 
with silver salts, but he was evidently seeking once more 
to engage silver, in some form or another, in his service. 
It is said that Daguerre accidentally discovered that a 
plate treated with iodine was sensitive to light. We are 
told that on one occasion he noticed that a plate which 
had been treated with iodine retained the image of a J 
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silver spoon which had chanced to be laid down upon it. 
Although I can only find one historian who has presenred 
this tale for us, it seems a very probaUe one. Daguerre 
had already seen Ni^pce use iodine to Uacken his bitumen 
pictures, so that iodine would be sure to be among 
Daguerre^s stock of chemicals. It would be quite natural 
that he should try to improve his own pictures by expos- 
ing them to the vapour of iodine, just as Ni^pce had done, 
and no doubt it would be upon a plate which he had thua 
treated that he accidentally discovered the image of a 
spoon. This would suggest to him at cmce that iodine 
would make his silver plate sensitive to light. 

This iodine, with which Daguerre was working, had not 
been long discovered. It is an elementary substance, and 
was obtained by some chemical manufacturers from sea- 
weed. Daguerre took a brightly polished plate of silver 
and sought to make its surface sensitive to light by ex- 
posing it to the vapour of iodine. Alas, when Daguerre 
exposed his plate in the camera, he could only get a very 
faint sort of image of bright objects, and that after many 
hours of exposure. It seemed as though the hopes which 
he had built upon his silver plate, with its coating of 
iodide of silver, was going to share the same fate as his 
earlier experiments with paper soaked in silver salts ; in- 
deed, matters looked even more hopeless. It so happened 
that one day he removed one of these silver plates frmn 
his camera, as the exposure — ^probably due to poor light — 
had been insufficient to produce any image. Had the 
spoilt plate been a glass one or a prepared paper it would 
doubtless have been immediately consigned to the rubbish 
heap, but being made of silver it was naturally laid aside 
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m a capboatd to be repolished and again prepared for a 
finesh exporare. How many of us would have lost heart 
at this point and abandoned the whole affair as a practi- 
cal impossibility! Not so with the indefatigable Daguerre. 
It was no li^t task to repolish the silver plate ; it re- 
quired great skill and care. I fancy that Daguerre mu 
have come forward to open his cupboard next momii: 
with a feeling of dogged perseverance ; nothing for it bull 
to ^try, try, try again.^ Imagine his surprise, when hev 
took the spoilt plate from the cupboard, to find an ex-/ 
quisite picture upon it Doubtless he questicmed whether\ 
he was waking or dreaming ; it was too like a feiry tale. \ 
A perfect picture ! Nothing approaching it had ever been J 



by man before. Wherein could lie the magic power 
of his cupboard? Will another short exposure in the 
camera — another twenty-four hours of imprisonment in 
the cupboard — present him with another ^^ perfect pic- 
ture ^ P I very much doubt if Daguerre slept the follow- 
ing nij^t At any rate, there would be no chance of 
his sleeiring on and fidling to remove the second plate 
oo the expiry of twenty-four hours. Another picture 
did appear, and equal in every way to the first, 
and so it only remained for Daguerre to discover wherein 
lay the magic of his cupboard. It was clear that the 
[date must have been affected by vapours from some of 
the chemicals in the cupboard, and so a little patience 
would be required to find out which particular dish of 
chemicals was the ^^good feiry.^ I think that the one 
which did prove itself to be the magical one was probably 
one of the last that Daguerre would have suggested. It 
was a simple dish of that bright semi-liquid metal known^^B 
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as mercury. In this way Daguerre discovered that if what 
he had previously considered to be a very much under- 
exposed plate was exposed to the vapour of mercury, the 
invisible image was gradually built up into a visible 
picture. What really happened was that the mercury 
vapour attached itself to the sensitive plate in exact pro- 
portion to the amount of light which had previously 
affected the plate while in the camera.^ 

Here we have the sensitive plate receiving a latent 
image, which only appears when chemically developed. 
To the photographer of to-day this has ceased to be a 
marvel, but to Daguerre and his compatriots it was 
indeed a true romance. The whole world was interested* 
It is difficult for us fully to realise their surprise. The 
wonderfully faithful picture produced by the new art was 
described by one French journal in this fashion : ^^ In a 
view of Paris we can count the paving-stones, we see the 
dampness produced by rain ; we can read the name on a 
shop.^ Indeed, the pictures were so good that many 
thought that all artists must pack up their paint-boxes and 
learn some other art. We are somewhat surprised to find 
the great historical painter, Paul Delaroche, sharing in this 
idea. When shown one of Daguerre's pictures he ex- 
claimed, ^^ Painting is dead from to-day.^ Little could 

^ It has been questioned whether this effect could be produced by 
mercury at ordinary temperatures. One physicist assures me that 
mercury does give off a vapour at ordinary temperatures, and that he 
believes there would be sufficient to account for Daguerre*s accidental 
experiment We must remember that the plate was exposed for 
about twenty-four hours to the influence of the mercury. If any one 
doubts the possibility of mercury at ordinary temperatures being able 
to account for Daguerre^s historical discovery, then we have only to 
imagine that the temperature of his cupboard was more than 
ordinary. 
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they then foresee that photography would prove a most 
useful handmaiden to the art of paintmg. 

Despite all the good things that were said of the new 
art, the Parisians seem to have had no great hope of its 
commercial success, for when Daguerre tried to form 
a company to work his invention, he completely failed to 
float the shares. No doubt it seemed to be too good to 
be true. It may be that even those who knew something 
of former experiments could not believe that these ** draw- 
ings by Nature^ would be permanent, although Daguerre 
had succeeded in fixing the pictures by washing them in 
a solution of common salt By this means the remaining 
iodide of silver which had been unaffected by the light 
was washed away, so that there could be no further 
chemical action. Sir John Herschel, the famous astrono- 
mer, suggested later that hjrposulphite of soda was a 
better substance than common salt (chloride of soda) 
wherewith to fix the image. This ^^hypo^ fixer has 
reigned supreme to this day. 

It is a little difficult, at first, to see how the daguerreo- 
type picture was produced. The foundation was a copper 
plate, with a brightly polished silver surface, and this was 
rendered sensitive to light by exposing it to the vapour of 
iodine, thus forming a film or coating of iodide of silver. 
If this prepared plate was exposed to the vapour of 
mercury there was no effect ; but if any part of the plate 
was first exposed to light a chemical change took place in 
the iodide of silver, and the vapour of mercury would 
then adhere to those parts of the plate which had been 
acted upon by light. 

Let us follow the taking of a portrait. The photo- 
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grapher first exposes his highly polished silvered plate 
to the vapour of iodine, and protecting this from the 
light, he places it in his camera. When he removes the 
cap of the camera lens, a good deal of li^t will be 
reflected into the camera £rom the sitter'^s face, and very 
little light from his black coat. The li^t firom the face, 
falling upon the sensitive plate, eflects a chemical chai^ 
in the iodide of silver film at that place. There bemg 
practically no light reflected by the Uack coat, the film 
will remain miafiected where that part of the image falk, 
and so on with the other parts of the picture. 

When the plate is removed from the camera, still shield- 
ing it from the light, it is exposed to the vapour of 
, • mercury. The mercury vapour attaches itself to those 
parts of the film which have been attacked by light, and 
thus the high lights or white parts of the picture are 
formed. The more the film has been affected by light the 
greater grabbing power it has for the mercury vapour. 
Those parts of the film which, like the image of the black 
coat, have not been affected by light will accept no 
mercury vapour. When the plate is then washed in 
a bath of common salt, or hyposulphite of soda, this 
unafiected iodide of silver is dissolved, leaving the founda- 
tion plate to show through at such places. It is this fact 
which makes it difficult to understand, at first, how the 
positive picture is obtained, for the black coat is really 
represented by a patch of brightly polished silver. This 
ought to look white, and not black. So it will, if a bright 
light is directly reflected by it, and if one holds a 
daguerreotype at a particular angle one does see the 
black coat to be white. The plate must be so placed that 
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it reflects only dark objects, and then the picture is seen 
as a posittve in place of a negative. A familiar illustra- 
tion might be dbawn from the art of bookbinding. We 
often see a device in gold on a bookbinding in which 
parts of the gold are frosted and parts polished. The 
pished parts look darker than the frosted in some lights, 
and brif^ter in others. We therefore picture the mercury 
as frosting the polished silver. 

lliese early daguerreotypes were very delicate, the 
slightest touch of a finger being sufficient to spoil them. 
Tliey were also very quickly tarnished by the atmosphere. 
These defects were in some measure overcome, at a later 
period, by a process of gilding the picture. 

Having fedled to float his company, Daguerre confided 
in If. Arago, one of the greatest scientists of his time. 
Daguerre showed his pictures to this great philosopher 
and astronomer, saying that henceforth Nature would 
depict her own likeness with a pencil of light. Arago 
was astonished at the beauty of the pictures and heartily 
endorsed the hopes of the inventor. Daguerre must have 
felt from that moment that his victory was won, for 
Arago was not only a learned professor, but also a leading 
politician, being at that time a member of the Chamber 
of Deputies. Arago soon gained for Daguerre the 
interest of other men of science. As it became clear that 
this new invention would prove of world-wide interest, 
these men brought forward a Bill in the Chamber of 
Deputies, recommending the House to grant annuities to 
Daguerre and the son of Ni^pce. The inventors could 
not have had a more able spokesman than Arago. A 
full House had assembled to learn more of this marvellous ^ 
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difloovery, and that ihey were imprened with Arago^ 
speech is evident, for the proposed pensions were onani- 
mously agreed to— 4iz thoosand francs per annum for 
Daguerre and four thousand for Ni^pce junior. The 
reason for Daguerre^ hrger pension seems to have beoi 
that he agreed also to make public the methods by 
which he produced his wonderful diorama and stage eftcta» 

The following sentences occur in M. Arago^ address 
to the Chamber of Deputies: **The dagu er reo ty pe 
demands no knowledge of drawing, and does not depend 
on any manual dexterity. Any one may succeed with the 
same certainty as the author of the invention. The 
promptitude of the method is perhaps that which has 
most astonished the public.^ ^ 

When the Bill came up before the Chamber of Peers, 
it was pointed out that if the invention were left the 
secret of an individual it would long remain stationary, 
but if presented to the world at large it would be *^ ex- 
tended and improved by a general emulation.^ Therefore 
it was argued that the Grovemment should grant the 
pensions and make the knowledge public property. 

One condition made by the Government was that the 
inventors should make known all further improvements. 
Arago made the following reference to this in his address : 
" The importance of this latter engagement will certainly 
not appear doubtful to any person when we inform you 
that a very slight advance beyond his present progress 
will enable Mons. Daguerre to apply his processes to 

» Erposures had been reduced to about a quarter of an hour at 
*"^^®: ^^^ »<«med remarkably quick compared with the time 
required to paint or draw a pkstore. 
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executing portraits firom life.^ We shall see firom a later 
diapter that the necessary improvement was accomplished 
by an Englishman within one year firom the date of 
Arago^s speech* 

All those who have written upon the history of photo- 
graphy agree in saying that it was a distinct condition 
with the French Government that the invention should 
be a present to the whole civilised world. Then each 
writer makes a remark to the efiect that ** notwithstand- 
standing, Daguerre took out a patent for his process in 
England.^ This has always seemed to me to cast a rather 
discreditable side-light upon the character of Daguerre. 
Anxious to find if there was not possibly some mis- 
understanding about this, I recently paid a visit to a 
Library of Patents. At first I could not find the patent 
referred to, as Daguerre^s name does not appear in the 
index of patentees. I did not doubt that a patent had 
been taken out, and knowing approximately the date, I 
had no difficulty in finding it It was taken out by one 
Miles Berry (a London patent agent) in his own name. 
He explains that the subject of the patent is **a com- 
munication from a foreigner residing abroad.^ 

In another part of the text, which was evidently written 
some time after the patent was sealed, Miles Berry says : 
** I believe it to be the invention or discovery of Messrs. 
Louis Jacques Mand^ Daguerre and Joseph Isidore Niepce, 
junior, both of the kingdom of France, from whom the 
French Government have purchased the invention ybr the 
benefit of that country y The italics are mine, and are 
merely to emphasise these few words. It is clear, there- a 
fore, that **the foreigner residing abroad,^ presumably J 
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Daguerre himself^ did not read the agreement with the 
French Grovemment in the same way as historianB haye 
done since then. 

Miles Berry, who took out the patent, explains that 
he applied for it in the middle of July (18S9X whereas 
the agreement with the French Grovemment was not 
made till the following month. And farther that the 
patent passed the Great Seal **on the second day of 
August, now last past, which w $ome dc^s prior to the date 
qf the eapasition qf the ioid mvenition or diicovery to the 
French Govemmeni at Pari$ hy MeurM. Daguerre and 
mtfce^ The italics are again mine, and in seeking to 
defend Daguerre I would bring forward these two points 
which I have here emphasised. 

In a small manual written by Daguerre himself at this 
very time (1889), a copy of which we have in the Library 
of the British Museum, I 6nd that the words used by 
Arago in his speech were these. He spoke of the inven- 
tion as being a present ^^ to the world of science and art.^ 
Historians have read this to mean the whole civilised 
world, whereas it is clear that Daguerre believed it to refer 
to the world of science and cut in France alone. Had the 
French Grovemment made it a clear condition that the 
gift must be extended to all nations, they would surely 
have insisted on this English patent being cancelled. 
Instead of that the patent became a source of income, 
presumably to Daguerre, for licences were granted for the 
use of this invention, as much as one thousand pounds 
being paid for the exclusive rights in some large towns. 
The patent did not expire till the regulation period of 
fourteen years had run out. • 
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Following up these remarks which I have just made 
in Daguerre^s defence, I can quite imagine some reader 
wishing to cross-examine me. If Daguerre believed that 
his agreement referred only to France, why did he take 
out a patent in England alone ? Why did he not patent 
his process in America, in Germany, and other countries ? 
I have no doubt that what induced Daguerre to take out 
a patent in England specially was that he was aware 
that he had an English rival in Henry Fox Talbot, of 
whom we shall read in the following chapter. Probably 
Daguerre believed Talbot'^s process to be similar to his own. 

I quite admit that the course taken by Daguerre is 
diflBcult to account for, and I was not altogether surprised 
to come across the following sentence in an old pamphlet 
in the Library of Patents (London):^ *^M. Daguerre 
himself^ very reluctantly, however, yielded to the wishes 
of his firiends, and secured a patent in England, by taking 
an advantage in a peculiarity in the patent laws of that 
country, yet it has been said he often r^retted it^ 

In support of Daguerre^s character I would quote a few 
sentences from the Commission's report to the French 
Parliament regarding the proposed pensions. *^ From the 
first M. Daguerre perceived that the payment of a stipu- 
lated sum might give to the transaction the base character 
of a sale. The case was different with a pension. Reflec- 
tions hke these could not fail to present themselves to 
a man of his exalied character^ and M. Daguerre decided 
on a pension.^, (The italics are mine.) 

^ The Ambrotyp0 Mamal, by Burgess, N.Y., 1857. 
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CHAPTER m 
A GREAT ENGLISH INVENTOR 

How Talbot came to think of what we now call photography— His 
reasoning of the matter— His first experiments— The ezposures 
required— Great hopes and a great disappointment— Another 
accidental discovery— Daguerreotype versus talbotype— Some 
of the original talbotypes still good to-day— A defect in the 
daguerreotypes— How photography got on to new lines— Scott- 
Archer's wet plates— Dry plates— A suhriyal of the wet plate. 

IN our imagination we have seen Niepce and Daguerre 
hard at work in France for many years, earnestly seek- 
ing to fix the image of the camera obscura. Did no 
British scientific enthusiast make a similar attempt ? We 
are proud to claim some part, and a very important part, 
in the invention of photography. The English enthusiast 
was William Henry Fox Talbot, who was bom in the first 
year of the nineteenth century. His maternal grand- 
father was the Earl of Ilchester, so that Talbof^s early 
training was very diiferent from that of Daguerre. 

Talbot was educated at Harrow, and then proceeded to 
Cambridge, where he distinguished himself as a scholar. 
He devoted some time to politics, being a member of the 
House of Commons in the first Parliament after the 
passing of the Reform Bill. Scientific investigation was 
really much more to his liking, and after two years he 
retired from politics in order to devote his time to 
fdence. 
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Two OF Fox-Talbot's Original Photographs • : , 

Fox-Talbot invented the method of taking negatives from which any number 
of positives may be produced. The photographs reproduced above NireT« VaV^^w 
on paper negMUvea, which were waxed afterwards so thai vvouUvesk m\^\\\ \^t 

printed tbmugb them. The upper iiluslration was from Uft. TV\t <aVv« n*«a «k 
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Talbot was not aware of the ezperimentB made by 
Wedgwood and Sir Humphry Davy, although these ex- 
periments were made during his own childhood. How 
then did Talbot come to think of what we now call 
photography? It seems quite natural that Daguerre 
should have hit upon the idea, as he was an artist, and 
was accustomed to use the camera obscura for sketching. 
Talbot was not an artist, nor was he aware of Daguerre^s 
idea. There was, however, a small optical instrument 
called a camera lucida, by which it was supposed that even 
those who were not artists might make pictures. No dark 
chamher was required, as with the camera obscura. The 
landscape was viewed through a four-sided glass prism, 
and an image of the view was seen upon the drawing 
paper, so that the would-be artist might make his picture 
by tracing out the detail with his pencil. It may be 
pointed out here that unless one viewed the paper through 
the prism there was no image seen at all upon the paper, 
whereas the image produced by the camera obscura was 
directly projected on to the paper, and could therefore 
be seen from any point. It will be clear that the camera 
lucida would not suggest to any one to try and fix the 
picture by chemical process, for the picture was practically 
an optical illusion ; it was apparently seen upon a sheet of 
paper, upon which it did not really exist. 

Talbot made an attempt to sketch the Lake of Como, 
in Italy, by means of a camera lucida, but he found it no 
easy task. When describing this futile attempt Talbot 
writes : *^ When the eye was removed from the prism — ^in 
which all looked beautiful — I found that the faithless 
pencil had only left traces on the paper melancholy to be- 
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hdd I ^^wiw» to the im whwkB tbftt the 
requiied a pfeTioiis knowkdlge of dmwing, wUdh an- 
fortuiiaiely I did not poM«k" It wu TUbofb fiulme 
with the oamem lodda which ciimd him to try the 
camem obiciinL Hereeg»inhefiiiiiidthet^it beiletthe 
skill and patienoe of the amateur to tmoe all the mfamte 
detail! viiiUe on the pepv ;^ lo that, hi fiust, he euiiee 
away with him little beyond a men aoiifenir of the eoene 
— whidi, howefer, oertainly has iti value when looked 
hack to in laag after yean.* Piefane the amatenr of to- 
day prutimg ike teMon and eeenring each time a heantiftil 
loavenir of the plaoe he it Tinting. If we had not he* 
come ao accustomed to photogr^fthyt this would, indeed, 
read like a ikiiy tale. 

The quotations I am making here are from Talbot^s 
original work — T^ PencU of Nature — ^which was pub- 
lished in 1844. He tells us theie that it was ''the 
inimitable beauty of the pictures of Nature^s painting 
which the glass lens of the camera throws upon the paper 
in its focus — foiry pictures, creations of a moment, and 
destined as rapidly to fode away^ — ^it was the beauty of 
these pictures whidi led him on towards the great goal 
whidi he ultimately reached. He reflected how very 
charming it would be if these pictures would but imprint 
themselves upon the paper. The thought was quite 
original m the mfaid of Talbot He asked himself why 
should thb mitrapping of the picture in the camera 
obscura not be possible. His reasoning of the matter is 
very interesting. He argued that if you divest the 

> Talbot erideotly placed a pieoe of tracing p^ier io the focus of 
the csmeis. this cowespondlng with our grouncl-glaM screen. 
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{Mciure of the ideas whidi accompany it, and consider 
only its ultimate nature, it is but a succession or variety 
of stronger lights thrown upon one part of the paper and 
of deeper shadows on another. He therefore thought the 
matter out in this fashion. Light can exert an action, 
and in certain circumstances it does exert one sufficient 
to cause actual changes in material bodies. If he could 
only prepare a paper in some manner so that it would 
be acted upcm by light, and visibly changed by light 
Colling upon it, might he not then hope that the varie- 
gated scene of light and shade would leave its image or 
impression behind ? 

At the time whai these thoughts occurred to Talbot — 
in 188S— he happened to be on a visit to Italy, so that 
he could not conveniently make any experiments. How- 
ever^ he made a careful note of the matter, and of such 
experiments as he thought would be most likely to realise 
his ideal, if it were indeed possible. Although Talbot 
did not know at this time of the experiments made by Wedg- 
wood and Davy, he had read in chemical books that the 
nitrate of silver was a substance peculiarly sensitive to the 
action of lig^t, and firom the outset Talbot seems to have 
boilded his hopes upon thb silver salt The one fear he had 
was lest this action of light upon the silver nitrate might 
not be rapid enough for his purpose. He had no idea as 
to whether the action was a rapid or a slow one, and upon 
the rapidity of the action he felt his success would 
depend. If the action turned out to be a very sluggish 
one, then his whole idea might remain a mere philosophic 
dream. 

On returning home, in 1884, Talbot hastened to put 
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his theory to the teat. Taking a sheet of white paper, 
he carefully bni&hed it over with a solution of nitrate of 
silver, and then exposed the prepared paper to sunlight. 
Alas! his hopes fell, for the action of the light proved 
to be very much slower than he had anticipated, ITicH he 
tried chlonde of silver — it proved no better. However, 
instead of simply brushing the surface of the paper with 
a solution of chloride of silver, he tried to form tha 
chloride on the paper^ He first of all brushed the paper 
with a solution of common salt, the chemical name fof 
which is chloride of sodium. He then brushed it over, 
when dry, with a solution of silver nitrate, which allowed 
chloride of silver to form oa the paper. An exposure of 
this paper to tunsUiie seemed to give no better result. 
It so happened, however, that on one trial with paper 
prepared in this fitshion Talbot observed that some parts 
of the paper blackened very much more quickly than 
others. These places seemed to be mostly around the 
edge of the paper, and with considerable patience he was 
aUe to analyse the cause. The most sensitive parts were 
apparently those which had been least wetted by the 
common salt. This could readily be proved. He tried a 
much weaker solution of salt, and then applied the silver 
nitrate. He was delighted to find the whole surface of 
the paper blacken uniformly and rapidly. Indeed, he 
found that too strong a solution of salt was so destructive 
of rapid change that he afterwards used salt to fix his 
pictures when taken. By washing them in a strong solu- 
tion of common salt he was able to prevent any further 
chemical action. 

Up to this p6int Talbot seems to have contented him- 
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self with simply exposing the prepared papers directly to 
sunlight. With this new paper he found it an easy matter 
to take an impression of any flat objects, such as leaves, 
laoe, etc, by merely laying these objects upon the sen- 
sitised paper. No doubt many of us have recollections of 
amusing ourselves when children by making impressions 
of ferns, butterflies^ wings, etc., by placing these objects 
in a photographic printing frame between a piece of dear 
glass and a piece of ordinary photographic paper. 

Talbot would, doubtless, hasten to try his new paper in 
a camera obscura. The result was, however, very far 
short of what he had expected. Even when he exposed 
the paper for "a moderate space of time" — by which he 
meant an hour or so— ^^ the outline of the roof and chim- 
neys against the sky was marked enough ; but the details 
of the architecture were feeble, and the parts in shade 
were left either blank or nearly so.'' It was evident he 
must seek some chemical preparation much more sensitive. 
It was many months before Talbot had an opportunity of 
experimenting, but in the interim he had, no doubt, given 
the subject much patient thought. I do not wish, how- 
ever, to weary the reader vdth too much detail, and as the 
further experiments which Talbot made on this occasion 
did not enable him to reach his goal, I shall pass them 
over. 

In the following summer (18S5) this patient experi- 
menter was able to improve matters considerably by giving 
his paper alternate washings of salt and silver, and then 
exposing the paper in a wet state in the camera obscura. 
By such means he was able to reduce the time of exposure 
to ten minutes on a bright day. However, his ideal 
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seemed still werj far from being Attained, and fbr the next. 
three yean nothing farther was done fiir want of soflkiflBt 
leisure to experiment. 

Hope was revived at the dose of 1888, when Ttlbofc 
hit upon an entirely new fact In some earlier eqieri- 
ments he had used iodine to form iodide of silicr on his 
paper, but the result was a fiulure. It so happened in 
18S8 that he had spread a piece of silver leaf on a pane 
of glass and thrown a particle of iodine upon it, wbev^ 
upon he observed oolomred rings form themselves on the 
silver around the particle of iodine. It was evident thfct 
these rings must be layers or films of iodide of silver. 
Talbot^s astonishment was far greater when, on bringing 
the plate to the window, he found the rings to change 
colour and to assume unusual tints. It would be of 
interest to see if this effect was a lasting one, or if per- 
chance some further change would take place, and so 
Talbot laid the plate aside for a time. We can see that 
Talbot was getting on to the very lines upon which 
Daguerre met with success— a silver surfsure treated with 
iodine. Whether or not Talbot^s next experiment might 
have been on these lines can only be a matter of specula- 
tion, for at this point the plucky toiler got a sore dis- 
appointment. His hope of being the first to announce to 
the world the existence of a new art, which has since been 
named photography, was completely shattered. In the 
opening days of January, 1839, Daguerre^s great discovery 
was made public. In the same month Talbot made his 
discovery known through the illustrious Michael Faraday, 
of electrical and chemical fame. Professor Faraday inti- 
mated the discovery at a meeting of the Royal Institution, 

50 




Negative and Positive 



" 1 i^ 

Th« upper jlluitnitJoD h a reproduction of the negative obuined V>v \V»e cwivcwi. tV» fl 
lamer Woftmuoa ib ofm photographic print from the same ncmilive. T^VmcV wvA ^Vv\V« va V 

fk0 f^gti'imad of tbm negmttve U the left-hand of the poSItlve. (jSee cUp \vv.> 



n 



A GREAT ENGLISH INVENTOR 

London, and a few dajrs later the full details of the pro- 
cess were given, the communication being made under the 
title of *^ Photogenic Drawing.^ This communication 
was therefore made more than six months before Daguerre 
gave the details of his process to the public The two 
processes were, of coiurse, on quite different lines. In 
one direction Talbot^s invention far surpassed that of 
Daguerre^s: Talbot gave us a negative from which any 
number of copies might be made. 

It was only shortly before this time that Talbot came 
to hear of the early experiments of Wedgwood and Davy. 
Talbot expressed great surprise that these interesting 
experiments had been allowed to fall into oblivion for 
practically a whole generation. However, there was 
nothing new for Tklbot to learn from these experiments ; 
he had already fisur surpassed them. 

It will be remembered that Daguerre^s success depended 
very much on the lucky ^* accident ^ of the magic cupboard. 
Some years later Talbot too was fortunate enough to fall 
in with an ^* accident^ of a somewhat similar, though less 
romantic, nature. One of his exposed papers happened 
to come in contact with a solution of nut-galls (gallic 
acid), whereupon he found his picture to be vastly im- 
proved in detail. In this way it was found that a short 
exposure in the camera, producing only a latent or hidden 
image, could be developed by an application of gallic acid. 
The result which Talbot got from this latent image when 
developed was what we call a n^ative;^ bright objects 

1 It was Sir John Henchd who first used the words negative and 
positiTe in connection with photography. The photograpliic plate 
when developed is indeed a true negative— white being represent^ 
bjr black, and black by white. 
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appear as blade, and shadows are lepresented by dear 
parts. (See iUustratioii, fiudng p. 50.) 

It turned out to be very amvement that the resulting 
picture was a n^ative, for it was possible to produce 
any number of positives by ordinary contact printing. It 
was necessaxy for Talbot to wax his paper negative to 
make it translucent. Sir John Henchd suggested the 
use of glass as a foundation for the sensitive chemicals, 
but it was found difficult to form the silver compounds on 
the glass. 

Talbot named his new process Cahiype (beautifbl 
pictureX but it was also called TaXboiype^ in honour of 
the inventor. Talbotype and daguerreotype were rival 
processes. One would expect to find that the professional 
photographers had preferred to practise the talbotype 
process, so that they might be able to give their patrons a 
number of copies of a photograph from one negative. 
However, it was not so : the majority of the professionals 
preferred the daguerreotype, despite its one copy only. 
This was probably because the detail in the daguerreotype 
was more perfect, and possibly because a portrait on a 
^* silver plate ^ could command a larger price. Talbot^s 
process was more popular among amateurs, because of its 
greater simplicity. 

When Talbot published The PencU of Nature, in 1844, 
he pasted original photographs into each copy. I thought 
it would be of interest to see how these original prints 
had stood the test of time, it being now more than the 
space of two generations since they were made. On 
examining the copy in the British Museum Library, I find 
that most of the pictures are badly faded. Another copy 
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in the Euing Collection at the University of Glasgow 
happens to be in a much better state of preservation. 

liooking down the list of illustrations, I was surprised 
to find ^ A Scene in a Library.^ Curious to see how Talbot 
managed an interior, I turned up the illustration, to find a 
photograph of two rows of books on shelves, presumably 
in an open book-case. Some of Talbot^s pictures are 
s^dendid in detail; they are all of much interest. In 
showing a photograph of a haystack with a ladder leaning 
against it, Tcdbot remarks that no artist would trouble to 
reproduce all the detail given by the camera ; it would 
indeed be impossible. 

In the accompanying illustrations facing page 44 I have 
reproduced* two of TJbot's original photographs, which 
he took himself some sixty-five years ago. These I have 
photographed firom the copies pasted into 7%^ Pencil of 
Nature by Talbot. The upper illustration is entitled 
"The Ladder,"' and I think it will be of interest to re- 
produce Talbot's own article published along with this 
picture. 

** Portraits of living persons and groups of figures form 
one of the most attractive subjects of photography, and I 
hope to present some of them to the Reader in the pro- 
gress of the present work. 

" When the sun shines, small portraits can be obtained 
by my process in one or two seconds, but large portraits 
require a somewhat longer time. When the weather is 
dark and cloudy, a corresponding allowance is necessary, 
and a greater demand is made upon the patience of the 
sitter. Groups of figures take no longer time to obtain 
than single figures would require, since the Camera depicts 
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them all at oooe, howem mmiaoiia they maj be: but at 
present we caimot well mooeed in this faruch of the art 
withoat some pveYioas conoert and arrangement. If we 
proceed to the City, and attempt to take a picture of the 
moving moltitudei we fail» fiir in a small fimcticm of aaeoond 
they change their positiaos so much as to destroy the 
distinctness of the representation*^ 

Then, refierring to the possifaility of taking fiunily 
groups, Talbot adds: ^ What woold not be the valne to 
oar English Nobility of such a record of their ancestors 
who lived a cmtuzy ago? On how small a portion of 
their &mily picture galleries can they really rely with 
confidence?^ 

I observe that despite Talbot^s remark in this article 
that he hoped to present a number of portraits with 
7!^ Pencil of Nature^ he has only one other picture con- 
taining persons, and that out of thirty-one photographs 
presented. 

The lower illustration (p. 44) was a photograph taken 
by Talbot to show how engravings, etc., might be faith- 
fully reproduced by photography. Little did Talbot 
think that the mechanical printing-press would, some day, 
reproduce this photograph of his by the thousand. I 
think I cannot do better than quote Talbofs own words 
concerning this photograph. 

** We have here a copy of a Parisian caricature, which 
is probably well known to many of my readers. 

^^AU kinds of engravings may be copied by photo- 
graphic means ; and this application of the art is a very 
important one, not only as producing in general nearly 
facsimile copies, but because it enables us at pleasure to 
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alter the scale, and to make the copies as much larger or 
smaller than the originals as we may desire. 

^The old method of altering the size of a design by 
means of a pantagraph, or some similar contrivance, was 
very tedioos, whereas the photographic copies become 
larger or smaller, merely by placing the original nearer to 
or farther fix>m the Camera. 

** The present plate is an example of this useful applica- 
tion of the art, being a copy greatly diminished in size, 
yet preserving all the proportions of the original.^ 

There was one defect in daguerreotypes which did not 
occur in Talbot^s pictures. It will be observed in the 
left-hand illustration (p. 80), by the aid of a magnifying 
glass, that the letters on the base of the pedestal of the 
monument are printed backwards. Everything was reversed 
as far as right and left was concerned. It will be obvious 
that Talbofs negatives must have been similarly re- 
versed, as is demonstrated by the ordinary n^ative shown 
fiu;ing page 60. This reversal on the negative is very 
convenient, for when we make a positive from it there is 
another reversal, and, as we all know, ^^ two n^atives make 
a positive."^ In looking at the illustration (p. 50) one 
must remember that the two pictures were lying face to 
face when taken from the printing frame. 

In the centre of this photograph, which I have used to 
illustrate a negative and a positive, there will be seen 
a very high monument. This is a monument of Sir 
Walter Scott, and there is a strange story told concerning 
it. It is generally believed that the sculptor made a mis- 
take in putting the plaid upon the right shoulder in place 
of the left, and that when this was pointed out to the 
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sculptor he took his own life. There have been many de- 
bates concerning the truth of this story. Some writers 
have argued that the Lowland shepherd often wore his 
plaid upon the right shoulder. I have been in correspon- 
dence with two of the best authorities on such matters, 
and both agree that the sculptor made a mistake in plac- 
ing the plaid upon the right shoulder. The latter part of 
the story, fortunately, is not correct The sculptor did 
not take his own life when this was pointed out. He was 
dying of consumption all the time he was working at 
this monument, and he died before it was set up. My 
reason for mentioning this matter here is because I have 
sometimes wondered if this sculptor was led astray by 
some daguerreotype of a Highlander, in which the plaid 
would appear to be upon the right shoulder. I have 
beside me a daguerreotype of a monument of Perseus, in 
which he wields his sword with his left hand. There 
cannot have been any daguerreotypes of Sir Walter Scott 
himself, as the great author died just at the time when 
Daguerre was hard at work trying to fix the image in the 
camera obscura. 

Although some photographic studios were opened in 
1840, photographs remained curiosities till 1853. During 
the intervening time Daguerre's and Talbot's processes 
were rival ones, but both were to be totally eclipsed by 
a new process. Daguerre'^s English patent expired at this 
time, and Talbot's claim that the new process was an 
infringement of his calotype was defeated, so that the 
whole field was left free. 

How did photography get on to new lines at this time? 
We do not associate the peaceable art of photography 
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with the manafiicture of deadly explosives, and yet there 
is an intimate connection at this point. A Swiss chemist 
had discovered that if ordinary cotton wool was immersed 
in a mixture of nitric and sulphuric acids, it became 
highly explosive. It was found to be many times more 
explosive than gunpowder, and it became known under 
the title of gun-cotton. A little later there was a sub- 
stance produced by dissolving gun-cotton in a mixture of 
ether and alcohol. The resulting material was called 
collodion, being so named from its adhesive qualities. 
Collodion was very soon used in surgery to form a film 
over wounds and thus prevent contact with air. 

Several scientists suggested that collodion might be^ 
used for holding the chemicals on the photographic \ 
plate. It remained, however, for a London sculptor — 
Frederick Scott- Archer — ^to bring these suggestions into 
practical form.^ Archer had been using photography for 
taking pictures of his sculptures, but after bringing out 
his collodion process he set up a photographic business. 
His place of business was in the same street as that from 
which this book is being published — Great Russell Street, 
London. Archer made his process known in 1651, but 
he did not take out any patent. Unfortunately his 
inventions brought him no wealth, and after his death it 
was found necessary to assist his widow and children. 

The collodion process quickly displaced daguerreotype 
and talbotype, and, indeed, made photography a popular 

^ Scott-Archer*s collodion process will be explained later in con- 
nection with the making of photo printing blocks, for which the wet 
collodion process is still used. The collodion not only acts as a 
support for the chemicals, but assists in the decomposing action of 
light. 
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art It wii mt&mtajf hoiraWy that tlieia coBodiop 
platei should be opoMd in tibe oumm iMm the 
chemiadi weie moisL A fbrthor dkedrsiilege wm that 
they had alio to be defdoped beftmtlie nhemfaala dried. 
These disadvantnges would* of ooune^ not be so ssrioos 
to the profeadonal photographer m hk stndi^ To tibe 
aniateur or the proiBeBional dasboos of lakfaigl 
etc., the diiBcaltks became grsetsr. We hafo i 
some earij c&thnsiaBts canjing their 
barrel of water tqp numntain sides and so on. 
y Some dbemists succeeded in arranging the < 
V that the plates nui^ remain moist and ssnsitife ftir n 
^wbA or mate. A few yean later it was Ibund poasible to 
make a plate which would remain sensitive when dry. 
Improvements in the making of dry plates soon followed. 
Gelatine was substituted for the more dangerous collo- 
dion, and the silver salts were dissolved in the gelatine. 
The pictures produced on the old-style wet collodion 
plates have, however, never been surpassed, and this pro- 
cess is still used for special purposes, as we shall see when 
we come to consider the making of book illustrations. Scott- 
Archer'^s collodion process may be said to form the basis 
upon which all present-day photographic plates are made. 
We still have a survival of the wet-plate process at 
country shows, etc We may enter the tent of the 
itinerant photographer, have our photographs taken, and 
handed to us in a few minutes. These pictures are on 
thin sheets of black or chocolate-coloured enamelled iron. 
The photographer can only give us one copy for each 
exposure. It is really a n^ative that is taken, and it is 
converted into a positive in the following manner. 
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During the process of development some chemicals are 
added to make the film remcdning upon the plate white 
instead of Uack, as it would otherwise be. Then where 
there is no film remaining the black enamelled plate is 
seen. In this way a negative is transformed into a posi- 
tive. These pictures have been called tintypes^ or by 
some people ** tin photographs."" One occasuSLolly finds 
at international exhibitions some ingenious automatic 
machines which take photographs upon this tintjrpe prin- 
ciple. These tintypes are merely an application of Scott- 
Archer^s process,. and, indeed, the inventor himself very 
often transformed his glass negatives into positives. 
During development he whitened the black film, and then, 
in order to convert the transparent parts in bo black, he 
painted the back of the glass plate with black varnish, 
thus making the negative a positive. This, however, was 
of small importance compared to the larger use of the 
plate as a negative from which any number of positive 
prints might be produced on photographic paper. 

One occasionally comes across specimens of these glass 
positives at the present day. Indeed, when I set about 
making inquiries for some good daguerreotypes, with the 
object of reproducing them in the present volume, I was 
repeatedly ofiered "good daguerreotypes" which turned 
out to be glass positives mcule on Scott- Archer^s plan. 
The illustration shown facing page 58 is a photograph of 
one of these glass positives. I merely remark this in passing, 
as my object in showing this illustration is its connection 
with the photographing of criminals. The illustrations 
facing page SO are from real daguerreotypes, and these are 
by far the best specimens I have been able to find. 
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CHAPl'ER IV 
INSTANTANEOUS PHOTOGRAPHY 

A r^Uj trying ordeftl— Were the early portraits '^speakbg like- 
nesses ** ? — More about Arogo^a speech — A London science lec- 
turer's discovery — The ofigin of carUe-Ht^'^iiri^ ^ An interesting 
experiment at the Royal t nsti tut iea— Photographing by the light 
from an electric Bpark— Instantaneous shutters— PhottigTaph in g 
animals in motion — The 2^etrope suggeata the cinematograph— 
Great scenes lived over again— How the photographs are taken 
and the pictures reproduced— The cmematograph in the future. 

SOME of us still consider it quite an ordeal to have 
our photographs taken professionally, but what 
should we have said had our experience been that 
of one of the first victims ? Imagine the photographer 
calmly painting your face white, while he informed you 
that the flesh did not reflect sufficient light to aflect the 
chemicals on his photographic plate. Even that trial 
would sink into insignificance when you were boldly 
informed that you must sit perfectly still for about twenty 
minutes. The tormentor w€is merciful enough to allow 
the sitter to keep his or her eyes closed. Indeed this was 
a necessity, for the full sunlight was to be reflected on to 
the face. The photographer seems to have had some 
passing thought of his patient^s comfort, for he passed the 
sunlight through a glass tank containing a solution of 
Uue-stone (copper sulphate) in order to absorb the heat 
rays. 
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During the twenty minutes — it would seem like hours 
— through which the painted subject sat motionless, the 
photographer seems to have busied himself arranging that 
any white parts of the dress did not remain too long 
exposed to the light. I^e was mindful of what he 
termed "temporary expedients." i For instance, his in- 
structions were : " A person dressed in a black coat and 
open waistcoat of the same colour must put on a tem- 
porary front of a drab or flesh colour, or, by the time 
that his face and the fine shadows of his woollen clothing 
are evolved, his shirt will be solarised, and be blue, or even 
black, with a white halo around it."^ 

If .we picture the poor sitter with white face and closed 
eyes, we cannot imagine that the resulting picture would 
be a ^^ speaking likeness." I fancy these first portraits 
must have been rather suggestive of some dear departed 
Jriendj and one is not surprised to find among the instruc- 
tions that " the hands should never rest upon the chest," 
although the reason assigned for this is that " the motion 

^ The quotations regarding these early attempts at portraiture will 
be found in the London and Edinburgh PkUoiophical Magaxme for 
September, 1840. These early portraits were taken by Dr. Draper, of 
New York, and while he found twenty minutes* exposure necessary, it 
is asserted by a relative of the gentleman, who was the first to be 
photographed by Daguerre himself, that the old gentleman had to 
undergo the trying ordeal of one hour's exposure in sunlight. 
Imagine sitting motionless for the space of one hour to have one's 
photograi^ taken! 

* This question of iolariicUion has been of interest from the earliest 
days of photograj^y. The chemistry of the subject is beyond the 
scope of this book, but it may be stated that solarisation is destruc- 
tkm of the image by over-exposure, followed by reversal of the image. 
Id this way the image of the white shirt on the daguerreotjrpe be- 
comes very white and then gradually turns darker and ultimately 
appears black. 
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of respiration disturbs them so much as to bring them 
out of a thick and cluinsy ap|>efxrance, destroj^ing all the 
representation of the veins on the back, which, if they 
are held motionless, are copied with surprising beauty*" 

Deapite the iremark I have just made, that the portraits 
cannot have been " speaking likenesses^" it is quite evident 
that the photographer did aim at having his pictures true 
to life. In the description of a special chair arranged 
with a Bt&ff^ terminating in an iron ring, for supporting 
the head, I find the following note: "By simply resting 
the back or side of the head against this ring, it may be 
kept sufficiently still to allow the minutest marks on the 
face to be copied,*" It is obvious that there was to be no 
retouching* How far we have fallen away from this ideal 
may be judged by the following incident. A lady, having 
had her photograph taken by one of our leading photo- 
graphers, handed a copy of it to a lady fnend. The friend 
admired it ; ^^ Simply charming, it is quite a picture ; but 
del know the lady ? ^ 

The early attempts at portraiture, to which I have 
referred, were made in New York by the daguerreotype 
process. This process was more widely used in America 
than in Great Britain. I wonder what the early photo- 
grapher would have said had one of his sitters suggested 
that photographs should be taken instantaneously. No 
doubt he would have replied that such a thing would be 
an utter impossibility. 

In connection with the modem facilities for amateurs 
taking instantaneous photographs — or snapshots — it is of 
interest to note the following sentence, which is taken 
from M. Arago^s address to the Chamber of Deputies, 
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when claiming a pension for Daguerre and Ni^poe. 
Speaking of the time required to take a photograph by 
Daguerre^s process, he mentions from about half to three- 
quarters of an hour ; he then adds the following : ^^ Those 
persons are deceived, then, who suppose that during a 
journey they may avail themselves of brief intervals while 
the carriage slowly mounts a hill to take views of a 
country.^ The amateur may now map off a dozen photo- 
graphs in a few minutes, while he walks or drives. It 
should be noted that when Arago mentioned from a half 
to three-quarters of an hour, he did not refer to the time 
of exposure alone, but to the time spent in preparing the 
plate, adjusting the camera, and finally developing the 
image, these operations having to be performed on the spot 
Referring again to that part in Arago^s speech where he 
said that a slight advance on the progress Daguerre had 
then made would enable him to execute portraits from 
life, I have already pointed out that the necessary improve- 
ment was made by an Englishman. It was a science 
lecturer in London, John Frederick Goddard, who found a 
means of making the plate sufficiently sensitive for this 
purpose. He accomplished it in this wise. Taking one 
of the daguerreotype plates which had been exposed to 
the vapour of iodine in the regulation manner, he further 
exposed it to the vapour of bromine, a non-metallic element 
whose name signifies a disagreeable odour (Greek bromos). 
Goddard foimd that the plate thus treated was rendered 
so sensitive to light that an exposure of twenty seoonds 
was as effective as an exposure of as many minutes on 
Daguerre^s ordinary plates. Here indeed was an immense 
improvement, which was accomplished in the year 1840» A 

63 f 



INSTANTANEOUS PHOTOGUAPHY . 

just about twelve months after Ango**! eloquent addnn 
to the nenchCSuunber of Deputies. Fbotogiaphic studios 
were soon openei m all laige dties, and the well-to-do 
citiiens willingly paid as much as six guineas for a single 
daguerreotype portiait, Alas! their descendants have 
treated many of these fine works of art with scant respect, 
having often given them as playthings to diildren. The 
early attempts at portraiture in America, already referred 
to, were, of course, prior to this discovery of GoddanTs. 

There is one term in connection with portraits which 
has an interesting origin. We are no doubt all femiliar 
with that siie of portrait which is called cartenk-vmie^ 
although one does not hear of it so often now ; laiger 
photographs being more common. The old portrait 
albums were made to hold these small cartes-de-visite, and 
I can remember, when a boy, wondering at so curious a 
name. There seemed to be no possible connection between 
these portraits and visiting cards, and yet there was an 
intimate connection originally. In the year 1867 the 
Duke of Parma had his portrait gummed on his visiting 
card in place of his name. The photographer to the 
Court of Napoleon III brought this idea into fashion in 
Parisian society, so that every person presented his friends 
with his cafie-de-visiie. No doubt these original portraits 
were somewhat smaller than those we remember under 
this title. 

Our English inventor, Henry Fox Talbot, made a very 
interesting experiment in instantaneous photography as 
early as 1861. This he performed at a meeting of the 
Royal Institution (London), and afterwards gave an 
account of it in the Aihencoum, December 6, 1861. 
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Taking a newspaper, he fastened it to the edge of a wheel, 
which was then set in rapid motion. The lights in the 
lecture hall were put out, the lens of the camera left open 
in the dark, and then a momentary illumination produced 
faj the spark from a battery of leyden jars. The photo- 
graphic plate was immediately developed, and it was 
found that a faithful picture of the printed newspaper 
had been produced — ^^ not even a letter being indistinct.^ 
Tliis showed the specially prepared plate to be extremely 
sensitive. I wonder if it ever occurred to any of the 
many scientists present that the revolving wheel was, 
logically, only a stage effect. I do not suggest that 
Talbot intended it to be so, but if one considers the fact 
that the total period of illumination obtained from the 
electric spark was somewhere between one ten-thousandth 
and one millionth part of a second, it was surely im- 
material whether the wheel was revolving or standing 
stUL 

Scmie years ago Professor C. V. Boys photographed 
flying bullets by means of an electric spark. His experi- 
ments will be described in a later chapter. One French 
scientist has taken a number of consecutive photographs 
of flying insects, using an electric spark as the source of 
light. In this case the experimenter used magnesium 
electrodes, between which the electric spark occun^, and 
this seems to have greatly increased the amount of avail- 
able light, for the prints which I have seen of some of 
these fljdng insects are splendidly illuminated. 

Talbot^s instantaneous process was too complex to prove 
of practical value ; no one but the inventor himself ever 
succeeded in getting satisfactory results. Daguerre also 
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inveoted an lostaDtaneous process wfaicli prov^ too com- 
plex and uncertain. 

The late Lord Armstrong obtain^ many beautiful 
photographs of electric sparks, causing them to depict 
their own images directly on to photographic plates; 
these were, of course, produced without a camera, I have 
already reproduced some of those autographs of the 
electric spark in Electrkitif of To-day, 

Before the days of instantaneous photography, one 
scientist used the zoetrope to enable hitn to reproduce 
aninial locomotion. This instrument may be better 
known to some readers under the title ^' wheel of life*^ 
A boy is seen using the instrument in the illustration facing 
page 64. A number of pictures are painted, in succession, 
on a long strip of paper. The first picture may be of 
a boy about to jump, while in the second picture he is 
seen just leaving the ground ; in the third picture he is 
in the air, and so on each pictiure goes until he has 
returned to the position in which he was at first. When 
this strip of paper is revolved in a cylinder and viewed 
through small open slits, one sees the pictures following 
each other so quickly that the boy really seems to be in 
motion, although his movements are somewhat spasmodic 

An ingenious photographer arranged a whole battery of 
cameras, with which he took a number of photographs in 
quick succession of a horse in motion. He afterwards 
threw these photographs, very quickly after one another, 
upon a magic-lantern screen, and was, in this way, able to 
** reproduce the visual appearance of horses trotting, etc." 

These experiments must have suggested, to many 
people, the idea of producing more perfect animated 
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{Hctum. While we have in the Patent Office the record 
of one invention for this purpose — as (ai back as 1889 — 
it was left to the great genius of Edison to place a prac- 
ticable apparatus upon the market, some three years later. 

I wonder what our grandfathers would have said, had 
they been present at some magic-lantern entertainment, 
when suddenly a man in one of the pictures b^an to 
move and to walk to and fro. Possibly they would have 
doubted their senses, or questioned whether they were 
waking or dreaming. A door in the picture opens, and in 
walks a second man, shakes hands with the first moving 
figure, and so on. How marvellous all this would have 
seemed to our grandfathers, and yet how soon do we forget 
the romance of the subject ! 

Some great ceremony takes place one afternoon, and on 
the evening of the same day thousands of people see the 
very same scene most faithfully reproduced by the cine- 
matograph upon a lantern screen. The hero of the hour 
repeats every movement and gesture. The audience have 
an actual view of the ceremony, which is far more 
impressive than the clever word pictures of our 
journalists. 

First of all we had the kinetoscope from Edison. This 
instrument was after the style of the old-fashioned stereo- 
scope boxes, and one person at a time looked through 
the eyepieces at the moving pictures. The photographs 
followed each other in rapid succession, the pictures being 
upon a long ribbon, as will be described a little later. 

A few years after the arrival of Edison's kinetoscope 
there appeared the cinematograph, by Lumiere, of Paris, 
and also the American biograph. I only propose to 
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mcntiDD the general principle upon which such instru- 
ments work ; it is the photographic part which interests 
us at present- 
There is iirst of all the taking of the photographs 
To get a really satisfactory result it was found necessary 
to take successive photographs at a rate of nearly one 
thousand per minute. It is generally believed that the 
speed is forty-six per second (^60 per minute), hut 
I 6nd that in reality the speed is only one third of that 
stated, The speed, however, will vary with diflerent 
operators, and no doubt at times with the variation of 
subject, but for our present purpose we shall reckon the 
speed to be fifteen pictures per second. 

If photography had been confined to glass plates, the 
cinematograph would have been an impossible thing. 
Imagine trying to pass 1000 glass plates through a 
camera or a magic lantern in one minute! The intro- 
duction of flexible celluloid films made it possible, for the 
sensitised film could then be made in the form of a long 
ribbon. It is, of course, necessary to make the pictures 
very small, as they have to follow each other so rapidly. 
The accompanying photograph shows the actual size of 
the pictures (see facing p. 70). The progressive motions 
of the figures in the pictures will also be seen by com- 
paring the succeeding pictures. 

If 1000 exposures have to be taken in the camera 
every minute, it is dear that the speed must be great. 
Considering the smallness of the pictures, however, one 
finds by simple calculation that the speed of the film is 
not much more than half a mile per hour, which is about 
eight times slower than an ordinary walking pace. 
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But while this is the rate at which the film passes through 
the camera, we must bear in mind that the motion given 
to the film is not a simple gliding one. I shall speak of 
each part of the film receiving a picture as a film. Each 
film has about one fifteenth part of a second in which to 
pass the lens, but it must not glide past. It must jump 
quickly into position and remain at rest for about nine- 
tenths of its allotted span, in order to receive the latent 
image. We may therefore picture the film resting for 
about three fiftieths of a second, and making its jump 
forward in about xivth of a second. This means that 
the film must be jerked forward into position at a speed 
of about six miles per hour. 

The cinematograph films are wound upon brass drums, 
having very deep flanges, and one of these with a long 
film has considerable weight. Now we know that all 
bodies are very lazy about starting into motion, and equally 
laxy about stopping. This property of matter we call 
tn^io. The greater the mass of the object, the greater 
the inertia. It will therefore be inconvenient to suddenly 
start and stop this drum carrying the long film. This 
difficulty is overcome by keeping the drum revolving 
constantly at the speed at which the whole film has to 
pass through the camera. Then a loose loop of the film 
is arranged between two sets of feed rollers. The parti- 
cular part passing between these rollers is alone given 
the sudden jerky motion. That is to say, the bulk of the 
film is travelling at a steady pace, but each portion as it 
comes between these feed rollers is jerked into position 
before the lens, an exposure made, again jerked away 
from the lens, and then proceeds again upon its even 
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acroM * ftraety * maa teenis to be pEBctfamg Ibr a wall^^ 
raoe. This quicker movement is, of ooune, no disadvan- 
tage in reproducing a horse race or any rapidly moving 
body, but I always think that our cinematograph 
friends make a mistake in rushing throu^ the films where 
ordinary rates of locomotion are concerned. Thinking 
that there could be no optical advantage in this quicker 
movement, I inquired of one of the operators the reason 
for this increased speed. When I put a simple inquiry as 
to the rate at which the pictures were taken and the rate 
at which they were reproduced, he, at first, said they were 
at the same rate. When I pointed out that every one in 
the pictures was very energetic, he agreed that the 
plctureii were Ixsing reproduced quicker, and the only 
renNon was that he hod to get through so many films in a 
Citriain time. He also agreed that if the orchestra were 
playing ({iiirk iiuinic the cinematograph operator was very 
apt to go f{uicker in sympathy with the music 
Tlio Cinematograph and Uiograph Compcmies have been 

70 



^ 


i:^ 


^ 
W 


•d^ 


il 


M 


M 


J^ 








m 

M 





By ptrmisH^tmf 



Cinematograph Picturbs. 



John Troittr, Ctasg^ 



The whole of these photc^raphs will pau through the cinematograph in leas than one and a 
b«lf seconds. A subject with a very quick movement has been selected, as oiherwi»e the 
diflerence between the successive pictures would be scarcely observable. Observe the right 
band falling in the last row of pictures. (See chap, iv.) 
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most enterprising. They have sent representatives to all 
parts of the world. While these exhibitions cannot fail to 
fascinate us, how much greater would our interest be if 
we could see some of the stirring scenes of past centuries 
lived over again before our very eyes ! When the present 
generations of men have all passed away from the stage of 
life, our distant descendants may be able still to see our 
great ceremonies, or incidents in our great battles. In 
this sense the cinematograph does for sight very much the 
same as the phonograph does for sound. We can bottle 
up our living scenes just as we may store up the songs of 
our great singers. When are such romances to end ? 
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CHAPTER V 

CAN WE PHOTOGRAPH IN 
COLOURS ? 

An early speech concerning colour photogr&pbf --What is colour F—^A 
mthcr Irish explanation— A lefison from soap-bubbles— Whence the 
colours come^Our total stock of colour — Why a fipcctrum U 
formed — What the painter really does^'The problem of cotour 
photography— Taking the photogmphs— A simple illustration— 
Recording compound colours — Reproducing the coloured picture^* 
A seeming roundabout pcrforroanee— Can we call this " colour 
photography **?— A small instrument with a very Jong name- Why 
some people are disappointed with Ives* process-^Coloured pig- 
ments—Why call green a primary colour ?— The difference between 
mixing coloured lights and coloured pigments— A summary of 
Ives* process— How red rays afiiect the plate. 

WHEN Talbot spoke of fixing the image of the 
camera obecura, he seems to have taken it for 
granted that every one understood that there 
was no fixing of the natural colours, but merely a black 
and white image. On the other hand, when the report 
upon Daguerre^s process was read before the Chamber of 
Peers (France), this matter was dealt with in the following 
words : ^^ We hasten, however, to explain, without wishing 
in aught to lessen the merit of this beautiful invention, 
that the palette of the painter is not very rich in colour — 
black and white compose the whole. The image in its 
natural and varied colours may remain long — perhaps for 
ever — a thing hidden from human sagacity. But let us 
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not rashly circunucribe knowledge within impassable 
bournes. The successful efforts of M. Daguerre have dis- 
closed a new order of things."* 

Photography in black and white is certainly a wonderful 
invention, and has proved most useful in almost every walk 
in lifie. From an artistic point of view it would be a very 
much greater invention could we but fix the natural 
colours, just as we see them upon the ground -glass 
focussing screen of the camera. To fix the image in black 
and white is comparatively easy, for the picture on our 
photographic plate only requires to be made up, as it were, 
of something and nothing and a mixture of something and 
nothing. That is to say, some parts of the negative have 
a dark film remaining, while other parts have nothing, 
leaving the clear glass transparent, and the remaining 
parts of the picture come somewhere between the dark 
solid film and transparency. In this way we obtain all the 
variety of light and shade. 

When Talbot was reasoning out the possibility of fixing 
the image of the camera obscura, he said that the picture, 
divested of the ideas which accompany it, is merely a 
succession of stronger lights and deeper shadows. He 
seems to have included the sensation of colour as one of 
the ideas which accompany the picture. The fact remains 
that on the ground-glass focussing screen of the camera 
there is a picture in all its wealth of natural colours, 
while on our photographic plate and paper print there is 
nothing to stimulate our sensations of colour. Clearly to 
understand wherein the difference of these two pictures 
exists we must form a correct notion of what colour is. 

To say that colour is not a material thing is true and 
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yet tnUleading ; colour i« not merely an idea. One often 
finds this subject to be a stumbling-block to the young 
mind. For instance, I remember this colour difficulty 
being brought up by some schoolgirls who had just 
returned home from a first-^class boarding- school. They 
informed me that their teacher had told them that colours 
did not really exist at all ; that if the girls could only see 
their dresses when hanging up in the dark wardrobe^ they 
would find that the dresses had no colour. The illustra- 
tion^ m relate by the girls, was certainly rather Irish, 
and reminds one of the poor [rishmaij who said he had 
nothing left in his wardrobe but the armhole of an old 
waistcoat* The girls naturally reasoned the matter in 
the following manner. If there is no ^ red stuffs put 
into a dress by the dyer, then how does everybody see it 
red ; it is utter nonsense to say that colour does not exist. 
Or again, when the painter paints a railing green, surely 
he puts some ^^ green stuffs on the railing. If not, where 
do the colours come from ? 

One or two simple experiments always help to make 
this question of colour quite clear to the young inquirer. 
We take a clay pipe and some soap-suds over to the 
window where we have good light. While we amuse our- 
selves blowing bubbles, we watch the largest ones, and we 
see that they are beautifully coloured, and that the 
colours keep changing. At one moment we see the 
bubble a beautiful red, then it changes to orange, green, 
and blue, and indeed at times it gives quite a rainbow 
eflect. We know that this beautifully coloured bubble 
consists merely of some air enclosed in a thin envelope or 
film of soap and water. From whence then come the 
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colours? Tbej must come from the ordinary daylight 
which is fallmg upon the bubble ; the light must contain 
all these difierent colours. The sun shines into a room 
and the light strikes some cut-glass ornament, whereupon 
we find a beautiful patch of rainbow colours reflected 
upon the floor. 

Our next experiment requires an ordinary glass prism, 
which is simply a triangular piece of solid glass. In order 
to see this experiment to its best advantage we dose the 
window-shutters and allow only a beam of bright light to 
enter the room. We then cause the beam of light to 
pass through the glass prism, whereupon we find the white 
lij^t divides itself up into beautiful bands of difierent 
colours. At the one end we find a band of red, which 
Uends into a neighbouring band of orange, and that into 
jdlow, then follows green, next blue and indigo, and at 
the end a band of violet When light is thus divided, 
analysed, or split up into its component colours, we call 
the resulting colour band a spedrum. 

I was very much interested the other day when a little 
iellow of five years of age asked me if I knew that 
red and blue made purple. When I asked him who 
had told him this, he explained that no one had told 
him, but that he had been looking at a piece of blue 
doth through a little red glass tumbler which he had 
in his nursery, and he saw the cloth became purple. 
I told him he was quite right, and that if he took 
notice of what he saw in that way he would find a 
great deal of interest all around him. The little fellow 
was quite amused to learn that the colours really come 
out of ordinary light, and that all colours can be 
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made by mixing three primary colour* — red^ grem^ and 
zmieL 

In the spectrum of sunlight^ more often spoken of aa 
the solar spectrum^ we find not only these thr^ primary 
colours, but orange and yellow, occurring between the red 
and green. Then between the green and the violet we see 
blue and mdigo colours. 

It so happens that as far as our colour sensation is fxin- 
cerned we can produce orange and yellow by blending 
red and green lights together, and we can produce blue 
and indigo by blending green and violet lights together, 
so we may say that our whole stock of colour is red^ 
green^ and Xfiokt. If we have three lights of these 
colours we may produce every other variety of colour. 
I shall therefore speak quite freely of red, green, and 
violet as our sum total of colour. 

We have seen the glass prism analyse sunlight and dis- 
play the wealth of colour of which it is composed, but 
how does a simple piece of triangular glass manage to do 
this ? It is difficult to find any very helpful analogy. If, 
however, we remember that each colour is a series of 
waves or vibrations in the ether,^ and that the difference 
between one colour and another is merely caused by the 
difibrent rates at which the ether is vibrating, we may 
then form some conception of what happens in the prism. 
The ether may be vibrating with such a comparatively 
slow to-and-fro swing that it does not affect the sensitive 

^ The ether of space has no connection whatever with the liquid 
ether which is used as an aneesthetic. No one knows what the ether 
of space is, but it is not ordinaiy matter. It is a mysterious something 
which pervades all space and acts as a medium for transmitting 
light, etc 
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retina of the eye at all, but we find a heating effect in 
such rajs. When the rate of ether vibrations reaches 
a certain pitch they set up the sensation which we call 
red. If the rate of vibration is somewhat increased the 
resulting sensation is greeny and with a still further 
increase of vibrating rate we have violet. If the rate of 
vibration be increased still higher, the rays fail to ailect 
our eyes, but these invisible rays will affect a photographic 
plate. 

When our red, green, and violet sensations are simul- 
taneously excited, we have the effect of white light. 
Now when this white light falls upon a glass prism, the 
rays all meet with a certain obstruction. We may picture 
those rays with a slow rate of vibration (red) being 
deflected or refracted only a little out of their path when 
passing through the prism. The other rays (green and 
violet) are banging about, as it were, more energetically, 
and therefore suffer a greater degree of refraction, accord- 
ing to the rate of their vibrations. We therefore find 
the rajTs of different rates of vibration coming out at the 
other side of the prism at different angles. If we allow 
them to fall upon a sheet of white paper, we find the red 
rays are least bent out of their normal path, but the 
green rays being bent further fall clear of these, so that 
we have the red sensation stimulated by one set of rays 
and the green sensation separately excited, while an over- 
lapping of the two sensations produces the effect of orange 
and yellow. Then again the violet is more bent out of 
its normal path than the green, so that it falls clear of the 
green, and the rays from that part of the paper excite 
the violet sensation. Here again there is an intermediate^^ 
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part of the paper upon which rays fall which excite both 
the green and the violet sensations, producing the gciisatjons 
we know as blue and indigo. 

Now it will be clear to us that if we only allow red rays 
of light to fall upon a piece of white paper or aay oth^ 
white object, that object will appear red, as it will only 
reflect red rays to our eyes. The colour ]» not part and 
parcel of the object. But there is another way of pro* 
ducing the same effect* We may apply certain chemical 
pigments to the surface of the paper or other object, so 
that when ordinary light falls upon it all the coloured 
rays are absorbed or blotted out with the exception of 
the red rays. The object only sends back red rays, and we 
again see the object red. Here again the colour is not 
part of the object, as we shall see by a very simple experi- 
ment. For the present we must be content to know 
that some chemical pigments absorb certain colour rays 
and send back the remainder, and that with the aid of 
sufficient variety of pigments we may so manipulate white 
light that we can produce every known colour. The 
question of colour absorption and reflection will be 
better understood when we come to consider Nature's 
camera. 

Let U8 take some very red object — a pure red — say the 
chemical known as bin-iodide of mercury, which has a 
bright vermilion colour. There is no mistaking the fact 
that this substance is red. We have a quantity of this 
in a glass tube or bottle, but we must be careful to have 
it well corked up, as the substance is very poisonous. We 
close the window-shutters and set a light to some methy- 
lated spirits and common salt, which we have previously 
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mixed in a small saucer. We now look at the red sub- 
stance by this light, but, alas, it is no longer red ; it is a 
dirty grey. Its beauty has quite forsaken it We ex- 
tinguish the artificial light and again view the substance 
by daylight— or by gaslight — whereupon its rich ver- 
milion colour at once returns to it. Now it is quite dear 
no chemical change whatever took place in the red sub- 
stance; it was securely corked up in a glass tube or 
bottle. Why, then, did the bright red colour disappear 
when viewed by the methylated spirits light? Simply 
because there are no red rays in that particular light, 
which is not white, but yellow, and contains scarcely any 
but yellow rays. The chemical is capable of reflecting red 
rays, but it is helpless if no red rays fall upon it I have 
merely selected this particular chemical by way of illus- 
tration, as I find that it answers the experiment very well. 
We might use the red cover of a book, but it is difficult to 
get a pure red in which there is no mixture of other colours. 

When the painter makes our railing green, what he 
really does is to put on some substance which will send back 
the green rays contained in white light and absorb the 
other rays. The limelight operator at the pantomime 
may change the colours of a dancer's dress, so that at one 
moment it appears red, at another green, or yellow, or 
blue. When he puts a red glass into the lantern he cuts 
off the green and violet rays, and allows only the red rays 
to pass out and fall upon the dancer's dress. It must 
surely be dear to every reader that colour is not an in- 
herent property of the object 

I have purposdy gone into the subject of colour at 
length, for I do not think it possible for any one to 
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fcmn a comprehensive idea of colour photograph; witiioul 
first obtaiinng a clear understanding of what colours really^^H 
arci. There is a wide field of interest in conncctioo with^^ 
colour ; I have only touched upon the simple pheuomena 
relating to oiir present subject. 

It occurs to me that some reader may be wondering 
how the 8oap-bubble» already referred to, is able to pro- 
duce different colours. This will be better explained a 
little kter when we come to consider the Lippmana 
process of colour photography, which is based upon the 
same phenomenon. 

Our problem is to entrap the colours as they fall upon 
the photographic plate* When we look at the image on 
the ground-glass focussing screen of a camera we see all 
the natural colours of the scene depicted there. We know 
very well that the ground-glass screen has no selective 
power for colours; it is merely reflecting whatever rays 
fall upon it from the different objects. It is the objects 
themselves which have split up the white light falling 
upon them and reflected back certain rays. How are we 
to fix these when we substitute a photographic plate for 
the focussing screen ? 

What a variety of different colours we are to entrap ! 
The little five-year-old fellow reminds us that we have 
only three colour sensations — red, green, and violet ; that 
all the other colours in^the picture are produced by differ- 
ent mixtures of these lights. Ah ! here then is one way 
of reproducing all this varied scene of colour. Let us 
first of all make the red rays alone enter the camera, and 
we shall get a negative which will be blank everywhere 
except where the red rays have fallen. Suppose by way 
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0f simple illurtraiioQ that we are photograjdiing a red 
vase containing some yellow flowers and green leaves. We 
wish first of all to take a record of all the red in the ob- 
jects. We must let the red rays alone enter the camera. 
How can we do this ? We know that a red object will 
reflect only red rays and absorb or cut off all the other 
rates of vibration. If the red object be transparent, say 
a piece of red glass, then it will not reflect all the red 
rays as an opaque body will do, but will let some of the 
red rays pass through it. Therefore if we take a piece 
of red glasS) or better still a sheet of gelatine dyed a pure 
red, and place this so that all the light entering the 
camera must pass through this red screen, what will 
happen ? The red screen will act as a filter to the light ; 
it will absorb or cut ofi* all the green and violet rays, and 
allow only the red rays to reach the photographic plate. 
It is immaterial whether we place this red screen of gela- 
tine before or behind the lens, or right inside the camera 
directly in front of the photographic plate ; all that we 
require is that the screen should intercept all the green 
and violet rays before they can reach the sensitised plate. 
So far we have only made a negative showing the red 
objects. If we examine it we shall find that we have not 
only an image of the red vase, but also an image of 
the yellow flowers. That is to say, we have a record not 
only of the objects which appeared red, but of all the red 
rays, whether they were seen as red or blended together 
with some other rays, producing a mixed or compound 
colour. This is quite as we should expect, for we know 
that yellow is obtained by an overlapping or blending 
together of red and green. 
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If we now take a second negative, through a green colour 
screen, we shall have a record of all the green rays — the 
green leaves and also a fainter image of the yellow flowers 
again, as there will be green tays reflected by them. It 
will be understood that these are ordinary black and white 
negatives showing no colour. On the first negative we 
have an image of the red vase, and an image of the 
yellow flowers, but no image of the green leaves. On the 
second plate we find no vase^ an image of the green leaves^ 
and an image of the yellow flowers. The yellow flowers 
have aflected both platea, as they reflected a mixture of red 
and green rays. 

So far we have been speaking of the red vase as though 
it were a plain red one, but let us suppose that it is of 
some Eastern style and has a blue figure upon it. We 
know that Uue is a blending together of green and violet, 
so that there will be an image of the blue figure upon 
the second or green negative. To entrap the remaining 
▼iolet rays we must take a third negative, and this time 
through a violet screen. On this third negative we shall 
only get an image of the blue figure on the vase. 

We have three different records, but we have no coloiurs. 
We have, however, analysed our coloured objects; we 
have split up all the colours, taking a record of each 
primary colour upon a separate negative. Suppose we 
try and reconstruct our coloured picture. Perhaps the 
simplest plan will be to make a picture on the magic- 
lantern screen. 

So £Eur we have only made negatives. Now we must 
make lantern slides in the usual way. The reason for this 
will be apparent, for if we look at the first or ** red "* 
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Two Instantaneous Photocraphs 
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negative, we find an opaque image of the vase upon a 
transparent background. This is just the reverse of what 
we want for the lantern, so we take this negative and print 
a positive from it Instead of printing a positive on to 
photographic paper, we place a second photographic plate 
behind the negative. We simply make a contact print 
from the negative on to the second plate, so that the 
dark opaque vase will now be a transparent vase upon an 
opaque background. This is just what we want for the 
lantern. 

If we now place this transparency or lantern slide in the 
magic lantern, we get a bright white image of the vase 
and flowers upon an otherwise dark sheet. If, however, 
we place a piece of red glass in the lantern, so that only 
the red rays of its light can pass out, we shall then have 
a red vase upon the lantern sheet. We shall also have 
a red image of the flowers in the vase. This red represents 
the amount of red which was reflected by the yellow 
flowers. 

What I have just described is a reproduction from the 
first or red n^ative which we took, but it will be re- 
membered that we afterwards changed our vase for a fancy 
one having a blue figure upon it. We made the green and 
violet negatives from this fancy vase, but I purposely left 
the red negative alone for the sake of simplicity. It will 
be quite apparent that if the fancy vase had been used for 
the red n^ative, then the blue figure would have reflected 
no red rays; and as there were only red rays entering the 
camera, we should now have on our transparency or lantern 
slide no light on that part of the vase representing the 
blue figure. I think the best way to look at the complete 
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reproductioii from the red transparency is this. UpoD a 
diirk background wc have a red vase with the background 
showing through where the blue figuring should be ; we 
have aldo red (lowers representing the yellow flowers 
placed in the vase. 

In the meantime lantern si idea have been prepared 
from the green and violet negatives which we took. We 
must throw a green and a violet light respectively 
through these transparencies* We have practically thr^ 
d liferent lanterns, one for each colour. Each lantern will 
throw upon the screen it^ own particular part of the 
picture; it will therefore be very necessary to have ail 
three lanterns carefully focimed so that the three pictures 
exactly overlap each other. 

To continue the building up of our picture, we take 
our second transparency and throw a green light through 
it. This will add the green leaves, and also an image of 
the flowers in green, which, falling upon the faint red 
flowers, will make them appear yellow. Red and green 
lights overlapping produce the sensation of yellow. This 
&ct will be easily remembered if one thinks of the colours 
in the solar spectrum; between the red and the green comes 
yellow. 

Our green transparency has added something more to 
the picture. There is now a green image of the figuring 
upon the fancy vase. All that remains for the violet trans- 
parency to do is to throw a violet image of the figuring 
upon the vase, and this overlapping the already green image 
changes it to blue as in the original vase. Think again 
of the colours in the solar spectrum : between the green 
and the violet comes blue. For any one not quite con- 
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▼enant with the coloan in the spectrum of daylight, it 
woukl be a good plan to paint the colours roughly upon 
a strip of white paper. Almost any child^s paint-box 
would serve the purpose quite welL Make the red, green, 
and violet more prominent than the others, and then fill in 
orange and yellow between the red and green, and paint 
in blue and indigo between the green and the violet. If 
there is no paint-box conveniently at hand, it will be 
sufficient to write down the names of the colours in their 
proper positions ; make the words red, green, and violet 
much more prominent than the others. If this strip of 
paper is kept as a book-mark it will be found very useful 
in reading the next chapter. 

Looking at the lantern sheet, we now see our complete 
picture, the red vase with its blue figuring, the green 
leaves, and the yellow flowers. What a roundabout way 
we have taken of arriving at a reproduction of our 
picture ! Why not have merely taken one single negative 
in black and white and then have coloured it? This 
suggestion only arises because I have chosen an ideally 
simple illustration. I have presumed the green leaves 
to be one uniform shade of green, and the same with the 
other colours. Think rather of some scene in a conser- 
vatory — an indescribable variety of shades in leaves and 
flowers. Our three negatives will record the component 
parts of all these shades, and we shall be able to repro- 
duce these in all their delicacy far better than the artist 
can. 

Can we call this result a photograph in natural colours? 
The ** man in the street ^ says we cannot The scientist 
may say, with some truth, that we have reproduced the 
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nattiriil colours ; wc made red rays record themselves, and 
we made that record to control the red rays once more. 
Have we not reproduced colour vision just as much as the 
phonograph reproduces sound? What the public realty 
mean by colour photography is that the photograph, 
when viewed as an ordinary picture^ should show the 
natural colours. We have not accomplished this. 

The three-colour process, which we have been consider- 
ing, was devised by IVederick Ives, of Philadelphia, about 
the year 1895. Tlie colour photographs can be shown 
not only upon a large lantern sheet, they may be viewed 
in a small instrument which is burdened with a very long 
name — the stereophotochromoscope. This is a very in- 
genious little instrument, which does practically the same 
as the three-lens lantern, but in a portable form. Inside 
the small box the three-colour pictures are so arranged 
that they appear as one picture when viewed through the 
two eyepieces. The natural appearance of the picture pro- 
duced in this long-named little instrument is enhanced 
by there being three pairs of slides, each pair producing 
a stereoscopic effect. We need not consider this part of 
the subject at present, as the principle of the stereoscope 
will be fully dealt with in a later chapter. 

I remember seeing the first stereophotochromoscope 
brought to this country, and the effects produced were 
marvellous. The instrument was shown at a meeting of 
one of our Philosophical Societies, and I can remember 
that many members were disappointed — because this pro- 
cess was not colour photography as they understood it. 
They wanted something one could take home and put in 
an ordinary frame or album. The results, however, were 
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Done the lest pleasing, and when one looked at the pictures 
in the little instrument one could easily see that no artist 
had ever painted such a yariety and delicacy of tint Of 
course it is a serious drawback that the pictures can only 
be seen when viewed in this specially arranged apparatus, 
or upon a lantern screen. 

Referring again to the simple vase of flowers, used as 
an illustration in describing Ives^ process, it will be noted 
that we only dealt with four colours — ^red, green, yellow, 
and blue. It will be remembered, however, that all the 
variety of colours existing can be made up by blending 
together the three primary colours — red, green, and violet. 
Therefore every colour when filtered through these three 
colour screens will leave a record either on one, on two, or 
on the three nq^tives. A white object, being all three 
primary colours blended together, will affect all three 
nqpitives in certain definite proportions. When the 
three primary colours are again blended together by 
means of these records they will reproduce a white 
object. If one is not familiar with the results obtained 
by blending different colour rays together, all one need 
remember for our present purpose is that on the first plate 
is recorded all the red rays, on the second plate the green 
rays, and on the third plate all the violet rays. It makes 
no difference whether these rays are visible as red, green, 
or violet, or whether they are mixed up together, forming 
other compound colours. 

It must be clearly understood that all the blending of 
colours with which we have been dealing has been 
a blending together of coloured rays of light. It is usual 
to say that the mixing of coloured pigments gives quil 
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different poults from the mixing of coloured lights. The 
ordinary reader feels as though he had been landed in a 
fog. The dtatement requires aome elucidation* One must 
remember that m mixing so-called colour pigments we are 
merely manipulating the colour rays present in the light 
falling upon the pigments. I shall only touch upon this 
subject very briefly at ptesent^ as a fuller explanation will 
be of more direct interest when we are considering the 
making of three-colour book illustrations. 

I fed sure that some reader has thought in reading the 
preceding part of this chapter that it seemed strange to 
speak of green as one of the three primary colours. As 
very youthful artists we may remember mixing yellow and 
blue paints together to produce green. We therefore 
have the impression that green is a compound colour, and 
not one of the three primary colours. At present we 
shall be contented with general statements, leaving the 
detail to be filled in later, as already suggested. Looking 
at our mixture of the two paints, we may imagine the 
combined efforts of the blue and the yellow pigments to 
have absorbed all the red and violet rays, leaving only the 
green rays to be reflected ; we therefore see the mixture 
to be green. 

The once youthful artist says that surely a blue and 
a yellow glass, if placed together in a lantern, will also 
produce green upon the lantern sheet. Certainly they 
will ; the result will be just the same as got by mixing the 
blue and yellow pigments.^ But in making our coloured 

^ We have in the light of the lantern red, green, and violet rays, 
and these endeavour to pass out of the lantern. But the blue glass 
obstructs, or cuts off, all the red rays, and allows only the green and 
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pictmes upon the lantern sheet we did not place two 
coloured glass screens together in one lantern ; we had 
a separate light for each colour. If we blend the blue 
and yellow lights together by that method, throwing the 
two separate colours directly on to the lantern sheet, we 
find that we have produced a practically white sheet. 
There is no green now. How is this, and wherein lies the 
difierence ? 

The first case seems simple enough. We filtered a white 
light through both a blue and a yellow screen, placed one 
behind the other. The white light consisted of red, green, 
and riolet rays, but the two screens managed to cut off all 
the red and all the violet rays, leaving only the green rays 
to pass through and reach the lantern sheet. The second 
case is different, but is also quite simple. We have a 
separate white light for each colour screen. We first of 
all throw one light, say, through the blue screen. It 
allows both green and violet rays to pass through it, 
cutting off only the red rays ; we therefore see the sheet 
to be this compound colour called blue, which is due to 
the green and violet sensations being simultaneously 
stimulated. Now when we throw another separate light 
through the yellow colour filter, we allow both red and 
green rays to reach the sheet, only the violet rays being 
cut off. But we already have the violet sensation stimu- 
lated along with the green sensation, and if we now add 

violet rays to pass. These are encountered by the yellow glass screen, 
which obstructs all the violet rays, leaving only the green to pass out 
of the lantern. That is to say, the light in passing through the first 
screen is robbed of all its red rays, and then it is robbed of all its 
violet rays by the second screen, so that green rays only issue from the 

89 



CAN WE PHOTOGRAPH 

red, and more greeny we have all three sensations sitnul- 
taneouflly excited, so that we have the resulting Bensation 
of white light. 

Must we bother with all this detail concerning colour in 
a chapter dealing with colour photography? I see no 
way of forming a clear conception of the subject unless 
we are willing to take this trouble. The subject is really 
not a complex one, if we let the little five-year-old fellow 
remind us occasionally that all colour is summed up in 
red, green, and violet. 

Before closing this chapter it may be of interest to give 
a short summary of what Ives' process of oilour photo- 
graphy does. First of all a aqparate record is taken of 
each of the three different colour rajrs sent back from the 
objects we are photographing; not only where these 
primary colours are recognisable, but wherever they exist 
in combination with one another, forming compound 
colours. These three different records are then used to 
reconstruct the coloured picture. Each record controls the 
amount of its own colour falling upon the different parts 
of the lantern sheet. Ives only throws red, green, and 
violet lights upon the lantern sheet, but these three 
colours when recombined by the records which they 
themselves made produce upon the lantern sheet all the 
variety and delicacy of the colours in the original objects. 
Ives therefore adopts a difierent method from that of the 
artist when painting a picture. The artist mixes his pig- 
ments until they collectively cut off all the /ays which he 
does not wish to be reflected from the canvas, and reflects 
only those rays, or combinations of rays, which he desires 
to stimulate our sensory organs. The artist starts with 
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one bundle of red, green, and violet rays (white light), so 
that all his manipulations must necessarily be cases of 
subtraction. Ives, however, has three separate colour 
pencils, red, green, and violet lights, which he may add 
together as he desires, and therein really lies the difference 
between blending coloured rays of light and mixing 
coloured pigments. 

Ives* process is excellent, but it must be admitted that 
the results have taken us no nearer the public^s ideal of 
colour photography. It may be mentioned, in passing, 
that Ives has constructed a camera for taking all three 
nq^tives at one time. He uses only one lens, but 
separates the different rays by means of colour screens 
placed inside the camera. These three records may be 
taken upon one plate, but they still remain as three 
distinct and separate pictures on different parts of the 
plate. It is only a matter of convenience having the three 
nq^tives on one sheet of glass. 

Probably some readers, accustomed to photographic 
work as amateurs, may have wondered how the red rays 
have been able to make any record at all upon the photo- 
graphic plate. The photographer uses a red light in his 
dark room and does not hesitate to examine his sensitised 
plates m this light, knowing that the red rays will have 
no effect upon the sensitive film. How then are the red 
rays to make a record in the camera P It is clear that we 
cannot use an ordinary photographic plate. Plates are 
specially prepared for colour photography, llie chemical 
films on these plates are sensitive to red rays as well as to 
green and violet. 

Any further detail concerning this interesting and 
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beautiful process of Ives would be beyond our present 
purpose. 

Much of the detail conceming the nature of colour, etc., 
contained in this chapter wiU be of service to us in tlie 
proper understanding of the other processes of colour 
photography which are described in the two followiog 
chapterSi 
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CHAPTER VI 

MORE ABOUT COLOUR 
PHOTOGRAPHY 

A threefold record on one negatiTe— Joly'8 process — How the colooring 
is reproduced— An analogy from fancy weaving— Negative and 
positive — Another ingenious method— Why some processes do 
not use the primary colours — How the natural colours are repro- 
duced—The colour filters— A simple illustration— A complete 
lantern slide — Dissecting a Sanger Shepherd slide. 

IN Ives* process, described in the preceding chapter, it 
was necessary to take three separate negatives — one 
being a record of the red rays, another of the green 
rays, and the third of the violet rays. Could we not take 
all three records on one plate as one complete picture, 
instead of having three separate pictures, each containing 
only a part of the whole? If we have followed the 
particulars about colour in the preceding chapter, it will 
be quite clear to us that it would be useless to try and 
take a photograph through all three colour screens or 
filters at one time. Suppose we do place the three 
screens in the camera, one behind the other. The light 
entering the camera first of all meets the red screen, which 
cuts ofl^ all the green and the violet rays, and allows the 
red rays alone to pass in. These red rays are immediately 
obstructed by the green coloured screen, leaving no light 
to pass in any further. If we try any two of the coloured 
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screens we shall find tliat they alone are sufficient to 
obstruct all the light* No light, no photograph. 

Wc are quite convinced that there is no use of at- 
tempting to take one complete record of all three colours 
through the combined colour screens ; we have seen that 
the result would be a blank. Professor Jolj, of Dublin » 
however, has shown us that it is possible to get the whale 
three records in one negative by a single process. The 
method adopted h both interesting and ingenious. 
Instead of three separate colour screens— red, green, and 
violet — we take one clear glass screen and then paint thin 
lines of these colours upon it. We first of all paint or 
rule a very fine line of red across the glass plate. Right 
alongside of this we paint a green line, and next to that a 
violet line, each line touching its neighbour. Then again 
we paint another red line, and so on — red, green, violet, 
red, green, violet — until we have the whole plate covered 
with coloured lines. 

This striped screen will not cut off all the light now. 
Each line of red will allow red rays to pass through that 
line, 80 that a photograph of a red vase taken through 
thb screen would show the image of the vase in separate 
parallel lines. The lines, however, are very close together, 
and if the picture is looked at from a little distance the 
image has the effect of being solid. The green objects 
will be recorded in similar fashion through the green lines, 
and the objects reflecting violet rays are recorded through 
the violet lines. Although the red, green, and violet 
Fays have had to pass through different lines, or slits, all 
the rays have found an open door, so that the resulting 
negative contains a complete record of the objects 
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photographed. There is,' of course, no colour on the 
photographic plate ; we have merely sorted out the rays 
and taken a black and white record of each colour forming 
the picture. 

In Joly^s process we have the three separate colour 
records lying in consecutive parallel lines or stripes, 
whereas in Ives^ process the three records are on separate 
plates. The taking of the Joly records is naturally a 
much simpler process, but how are we going to reproduce 
the coloured picture? We must, of course, throw red 
rays through that part of the record made by the red 
rays, and so on. This is really very simply done. We 
place the screen with the coloured lines immediately 
behind the threefold record, taking care that the red lines 
are exactly opposite the lines representing the red record, 
and similarly with the other coloured lines. We thereby 
recombine the rays and reproduce upon the lantern sheet 
all the beauty of the original delicate colouring. If one 
is close to the lantern sheet, the lines are noticeable ; the 
picture appears in stripes. If one is at a little distance, 
the individual lines are not seen, so that the picture 
appears solid, and the delicacy of the natural colours is 
marvellous. 

It occurs to me that we have a good analogy of Joly^s 
process in the art of fancy weaving. The weaver desires 
to produce upon a cloth a conventional floral effect in 
which there is to be a yellow flower with a red edge sur- 
rounding it and a patch of green at its centre. What he 
really does is to throw first a yellow thread across his web 
with one shuttle, bringing the yellow to the surface of his 
cloth wherever he wishes it to be seen. He then throws a 
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second shuttle filled with red yarn, and after that a green 
shuttk, Tlie weaver^s method is very similar to Jolj*a 
process^ The weaver has three successive lines of coloured 
yam repeating ^ the way across his piece; Joly has 
three coloured lines all the way across his picture. The 
picture in each case is built up by these lines showing at 
some places and not at others. The lines follow each 
other so closely that they are not distinguishable as 
separate lines when viewed from a Httle distance. 

I think we may carry oar weaving analogy a little 
further. If a weaver desires to make a cloth, using only 
two colours for producing the figure, he often brings in 
a third colour effect by mixing these two colours in 
a solid mass. He may make a yellow object with a blue 
edge, and then by mixing these two colours together at 
one part he produces the impression of green. Most 
of us have seen fancy looms at work at our international 
exhibitions or elsewhere, and we know that the design in 
the cloth is produced by a machine on the top of the 
loom. We need not trouble about the details of this 
Jaequard machine. It will be sufficient, for our present 
purpose, to know that it contains several hundreds of wire 
needles, which are controlled by holes punched in cards, 
and that these needles in turn control the threads of the 
warp which are stretched out in the loom below. Each 
card represents one throw of a shuttle, the warp being 
opened to let the shuttle pass through, so as to bring the 
yam in the shuttle to the surface wherever it is wanted. 
We therefore see that the holes in one card represent the 
yellow yam which is to show, while the holes in the next 
card represent the blue yam which is to come to the siu*- 
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ttice. But what about the green patch of colour ? It 
must, of course, be represented by holes in both cards, as 
it is a combination of both these colours. In a similar 
sense, we must remember that when we record the red rays 
of light in colour photography we not only record rays 
from the red objects, but also from all objects whose 
colour has red rays contained in it. 

It will be quite clear to all that when the threefold 
record is taken in the camera, the developed negative will 
only show black lines of varying density wherever the 
difierent rays have afiected the plate. In order to repro- 
duce the picture we wish the reverse of this, so that we 
may have, as it were, clear slits to correspond with the 
parts on which light fell. We therefore make a positive 
from this n^^tive in the usual way, and then we can 
make light shine through those parts of the positive 
record which were affected by light on the original negBL- 
tive. 

The subject of negative and positive is so simple to all 
those who are accustomed to photographic processes that 
it would seem quite unnecessary to refer to it again. How- 
ever, as I have sometimes found that the why and where- 
fire of this subject is not clearly understood, it is worth 
while referring to it once more. We may picturesquely 
think of the light entering the camera and attacking the 
chemicals upon the sensitive plate, and wherever it strikes, 
altering the chemical condition of that part of the film. 
On looking at the exposed plate in the ^dark-room** 
we see no efiect upon the chemical surface. When we 
place the plate in a developing bath the liquid soon 
darkens the chemicals which have been afiected by light, 
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leaving the affected parts as black patches of varying 
densities. Our negative is therefore opaque wherever it 
represents a white object, and dear glass wherever it 
corresponds with a dark object or shadow (see illustration 
opposite p, 50). This is just the reverse of what wo 
wish for our magic lantern* We wish to let light shine 
through the image of a white object and obstruct the 
light by the image of a dark object. The record of our 
white object cannot therefore be opaque^ but must be 
clear glass. We have no difficulty in obtaining a reverse 
of our negative. We place the developed negative with 
its picture in contad: with a second sensitive plate, and 
allow light to pass through and attack the chenncal film 
on the second plate. As the image of a white object is 
solid film on the first negative, that will prevent any light 
reaching the second plate at that part, so that the film 
representing this white object on the second plate will be 
left clear glass through which we can now throw the light 
of the lantern and form a bright image of the white object 
upon the lantern sheet. 

It is dear that every lantern slide of Joly^s process 
must have a ruled screen of colours bound up with it. 
Can we not dispense with this line effect and make 
a coloured lantern slide complete in itself? We shall see 
what has been accomplished. 

We return to the original Ives^ method of taking three 
separate negatives, but we wish to reproduce the picture 
by one lantern slide requiring only one light. We have 
already seen that there is no good in placing red, green, 
and violet screens together in one slide. It will be re- 
membered that any two of these screens placed together 
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wfll cut off all the light from the lantern. Elach screen 
cuts off two of the three primary colours, so that any 
two of the screens will annihilate all three primaries. 
We are attempting to work on quite a different plan 
from that adopted by Ives in reproducing his pictures. 
He had three separate lights, giving red, green, and 
violet rays respectively. These he could add together at 
will by his three separate transparencies. We are now 
starting, however, with all our three colours blended 
together in one light, so we must subtract the rays we do 
not wish for from each part of the picture. If we must 
always subtract two of the colours at one time we are 
helpless; we want at some parts of the picture to sub- 
tract only one primary and allow the other two to reach 
the lantern sheet blended together. What we really 
want, then, is to be able to subtract each of the primary 
colours one at a time. Colour screens, or JiUen^ have 
been made for this purpose by Lumicre (France), Sanger 
Shepherd (England), and others, who have devised a very 
beautiful process of making complete colour lantern 
slides. 

First of all we wish for a screen, or colour filter, to cut 
off only the red rays. In other words, we wish for a screen 
to permit both green and violet rays to pass. We must 
keep in mind that we are dealing with the blending 
ti^ther of coloured lights, and not with the mixing of 
colour pigments. Although it will be necessary to pre- 
pare dyes in order to coloiur the screens, or filters, we shall 
not concern ourselves with the dye stuffs. To simplify 
matters, we shall only deal with the mixing or blending 
of the coloured lights. • ^m 
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In order to make matters quite clear, it would be well 
to make a few experimeats with a triple lantern such as 
is used by Ives in his process. We have three separate 
lights exactly overlapping one another upon the lantern 
sheet. Perhaps our simple plan will be to place all 
three colour slides in the lanterns. We have a red, a 
green, and a violet light, all overlapping one another, 
and the result is that the lantern sheet appears white. 
It does seem strange that all three colours falling upon 
the sheet produce white. Some people think of white as 
being devoid of colour ; it is dear that white is our whole 
stock of colours blended together. When all our three 
colour sensations are simultaneously stimulated, then we 
see white. 

Now we wanted to make a colour screen which would 
cut off only red rays. What colour must we use for this 
purpose ? It is very easy to find this out, for we have 
red, green, and violet rays all falling upon the lantern 
sheet at present, producing white light. If we close the 
lens from which the red rays are being thrown, we shall 
then have only green and violet rays reaching the sheet. 
Instead of being white, the lantern sheet now appears a 
greenish-blue colour. Therefore, if we make a dye to 
match that colour, we shall be able to make a screen to 
cut off the red rays only. If we have a thin sheet of 
celluloid with a coating or film of gelatine upon it, we 
may dye the gelatine on the screen by dipping it into the 
bath of greenish-blue dye. 

To those who can picture the appearance of the solar 
spectrum with ease, there should be no difficulty in re- 
itiembering that the greenish-blue slide, being a combina- 
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tion of green and violet rays, will cut off the red rays 
only. In order, however, to make matters perfectly clear, 
we shall not trouble further with the appearance of our 
colour filters, but merely remember that No. 1 screen cuts 
off all the red rays. 

Those readers who have taken the trouble to make a 
book-mark with the colours of the solar spectrum upon 
it, as suggested in the preceding chapter, will find it of 
interest to note below the colour red, minus red '^ greenish 
blue. 

Our next colour filter is to cut off only green rays. 
We put all three colours on the lantern sheet again, and 
once more we see the sheet to be white. This time we 
cut off the light from the lantern throwing the green 
rays, leaving only red and violet to fall upon the sheet. 
The sheet now appears a crimson pink colour, being a 
combination of red and violet rays. We therefore dye 
our second gelatine film to match this colour. Below the 
green colour on our book-mark we may note, minus 
green'' crimson-pink, but we shall only speak of this 
crimson-pink filter as No. 2 screen, being content to know 
that it cuts off green rays only. 

Our third filter is to cut off the violet rays, so we had 
better turn on all the colour lanterns once more and pro- 
duce a white sheet. This time we cut off the violet 
lantern, and we leave only the red and green lanterns to 
light the sheet. The result is a yellow lantern sheet. 
This is quite what we should expect, for if we look at our 
book-mark we find that yellow lies between red and green, 
being an overlapping or blending together of these two 
primaries. Hence the red and green lanterns bleodui^ 
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their lights together on the lantern sheet produce yellow. 
We must therefore dye our third colour filter to match 
this yellow. We shall simply call this No. 8 screen, re- 
membering that it cuts off the violet rays. To complete 
the book-mark, however, it will be of interest to add 
under the violet colour, minus vioki =^ t/ellow. 

Now we have three screens ; No. 1 cuts off all the red 
rays. No. 2 cuts off all the green rays, and No. 3 cuts off 
all the violet rays. If we place all three screens together, 
one behind the other, in one lantern, we shall cut off red, 
green, and violet rays, and no light at all will pass out of 
the lantern. Suppose, however, that we scrape away a 
little of the dyed gelatine from No, 1 screen, which is 
cutting off the red rays, we shall then allow red rays to 
pass through at this point. The other two screens cut off 
all the light except the red, so the red light can now 
get out of the lantern through the space we have scraped 
clear. 

Let us deal with red alone first. We can now see how 
it will be possible to reproduce upon the lantern sheet an 
image of the red vase. We take the first, or red, nega- 
tive produced by Ives** process. This negative has an 
opaque image of the vase upon it, so we shall print a 
positive of this on to a sensitised film of gelatine held 
upon a thin sheet of celluloid. When we develop this 
we have a transparent, or clear, image of the vase, and an 
opaque ground on the rest of the plate. In other words, 
we have no gelatine left where the image of the vase is. 
If we now dye this gelatine transparency to match No. 1 
screen, and use it in place of the colour screen, it will 
cut off red light except at that part forming an image of 
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the vase. It is just as though we had neatly scraped 
away an image of the red vase upon our original No. 1 
screen, and then placing the other two screens behind this 
one in a lantern, we allow only the red light to pass out 
through the dear image of the vase on No. 1 screen. 

I have spoken of developing the gelatine transparency 
after printing from the negative, but the process adopted 
hardly warrants the title of developing. After the 
sensitised or bichromated gelatine surface of the celluloid 
plate has been exposed to light, under the original nega* 
tive, it is only necessary to wash the exposed plate in 
warm water, whereupon the parts which have not been 
aflected by light will be washed away. In this case the 
opaque image of the vase upon the original negative 
protected the gelatine, while the remainder of the gela- 
tine was affected by light Hence our resulting trans- 
parency or positive would show no gelatine for the image 
of the vase, but a complete ground of gelatine over the 
rest of the plate. 

Let us examine the lantern sheet more closely, and we 
find not only a red vase upon an otherwise dark screen, 
but we also see a red image of the original yellow 
flowers. Suppose we now scrape away a patch of the 
gelatine on No. 2 screen, which is obstructing the green 
rays. We shall at once see a patch of green light upon 
the corresponding part of the lantern sheet. It follows 
that if we dye a transparency made from Ives^ second or 
green negative, and substitute it for No. 2 colour screen, 
we shall cut off all the green rays except at the dear 
image of the leaves. It will be remembered that a dear 
image of the original yellow flowers will also appear upon 
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this transparency ; the green rays will not be subtrflcted 
from the flowers, nor were the red rays, thepefore they 
will appear yellow. 

Following up the simple plan of scraping away a patch 
of gelatine film from the colour sereccs, we find that in 
doing so to No. 8 screen we permit violet light to pass out 
to the lantern sheet from this cleared patch. We there- 
fore make a third transparency from Iv^^ third or violet 
negativef and we dye it to match our No. 3 dyed screen^ 
which cuts oF all the violet rays« It will be remembered 
that this third transparency will throw an image of the 
blue figuring upon the vase. This image will be thrown 
in violet light, but as the green transparency will also 
have thrown an image in green of the same figuring, the 
image will now be turned to blue. We now have a com- 
plete picture upon the lantern screen : a red vase with 
blue figuring upon it, some green leaves and yellow 
flowers. 

The picture which we have just built up upon the 
lantern sheet is the same as that built up by Ives' process. 
Wherein then lies the advantage ? It is self-evident. In 
Ives' process we required three separate lanterns, with 
three separate lantern slides, all to be carefully adjusted 
to exactly overlap upon the screen. In Lumiere's and 
Sanger Shepherd's processes we have only one lantern and 
one lantern slide, which requires no special treatment; 
the slide may be exhibited by any amateur in the ordinary 
way. The three dyed transparencies are mounted together 
between two ordinary plain cover glasses. It is more 
convenient to have one of the dyed films upon glass, and 
then place above this No. S celluloid with its dyed film, 
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and over that again No. 8 celluloid. These are now bound 
together by placing a plain cover glass over them. The 
two celluloid sheets are very thin, so that the complete 
lantern slide is practically no thicker than an ordinary 
slide. Of course, it is necessary when moimting to see 
that the three pictures exactly overlap, but this is done 
once for all in making up the lantern slide. 

I have purposely taken a very simple illustration for our 
lantern slide, but we have seen how the three primary 
colours and two compound colours (yellow and blue) 
are recorded and reproduced. In the same manner the 
most intricate colourings may be analysed and reblended 
together. 

I have in my hand a lantern slide produced by the 
Sanger Shepherd process. It is a photograph of a large 
basket of different fruits. No artist could produce such 
a natural bloom upon those grapes, nor the infinite variety 
and delicacy of colour in the photograph. I take off the 
plain cover glass of the lantern slide and below this I find 
first of all a yellow film, upon which there appears a faint 
transparent image of some of the fruit and basket. This 
is the No. S screen which will cut off the violet rays 
excepting where the screen is left transparent The most 
opaque object I can pick out upon this plate is a large 
iqiple, a considerable part of which is dyed yellow. This 
means that practically no violet rays will be allowed to 
pass through this image of the apple. Removing this 
ydlow transparency, we next come to the crimson-pink 
film, which is also on a thin sheet of celluloid. Here we 
also find a good deal of the picture as a transparency on 
the crimson-pink groimd. Looking at the same apple as 
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before^ we find ita image upon this plate is al^so fairly 
opaque and is dyed deep crimson-pink* This means that 
practically all the green rays will be cut off frotn this 
particular apple. 

If we now remove the crimson-pink transparency wc 
find a greenish- blue transparency fixed to the under glass 
coven We see a good deal of the whol^ picture again as 
a transparency upon this. Ficking out the image of the 
particular apple which we have already examined on the 
other transparencies, we find that it is almost quite trans- 
parent on this last plate. It has almost none of the 
greenish-blue dye which cuts off red rays. Now placing 
the three coloured transparencies together again^ we have 
the first-mentioned one obstructing the violet rays from 
this particular apple, while the second transparency ob- 
structs the green rays from the same object, therefore 
leaving only the red rays to pass unobstructed through 
the clear image of the apple on the third transparency. 
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CHAPTER VII 

COLOUR PHOTOGRAPHY WITHOUT 
COLOURED SCREENS 

A brief summary— Is colour photography a delusion?— A process 
without ooloiured screens— Lippmann*8 method— Its principle- 
How the colours are produced— Photographing the colours— What 
happens on the photographic plate— Another colourless process of 
reproduction— What is a diffraction grating?— A demonstration — 
Wood's process— Early observations— Conclusion. 

Cr U8 now make a brief summary of the three 
difierent processes of colour photography which 
we have considered up to this point. Ives made a 
separate negative of each primary colour — red, green, and 
violet — ^thus recording the whole light reflected by the 
objects he photographed. He then made transparencies 
of these three records, and by using three separate 
coloured lights he could reproduce his pictiure, controlling 
each colour by the record it had made itself. 

Coming next to Professor Joly^s process, we found that 
he took the three primary colour records in consecutive 
lines on one negative. By means of a viewing screen he 
again threw the three primary colours through these 
line records, and thus reproduced the original coloured 
picture. 

In the third process we find Sanger Shepherd rev( 
to the three separate negatives of Ives. He then 
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three transparencies of the^ records. He does not use 
the primary colours for dyes, but obtains three colours^ 
each of which will only cut off one set of rays aod allow 
the other two primaries to pass through, &om the white 
light in the lantern. This, as we have seen, gtvee us the 
advantage of being able to mount all three coloured 
transparencies together in one lantern slide. 

The reader may consider it a simple delusion to speak 
of any of these processes as being photography in natural 
colours^ no matter how beautiful the results may be. Our 
methods have been artificial ; we have used coloured 
screens and coloured dyes* We have certainly done so, 
but only in order to control the coloured rays composing 
the white light. Perhaps this will be more clearly under- 
stood if we consider what we really did when we repro- 
duced in imagination the simple photograph of the red 
vase with its flowers. How did we reproduce the red 
vase in Sanger Shepherd^s process ? We started with the 
ordinary white light of the lantern, which in passing 
through the yellow filter was robbed of its violet rays, 
and then passing on through the crimson-pink filter it 
was further robbed of its green rays, leaving only the red 
rays to pass through the transparent image of the vase on 
the third filter. We did not dye the vase red; we manipu- 
lated the colour rays in white light, subtracting all but 
the red. 

I can see some matter-of-fact reader shaking his head. 
He says it is all very well to talk of colour in that way, 
but there is no getting away from the fact that we have 
used coloured screens. I ask him if he will be satisfied if 
I can show him a photograph in natural colours, which 
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WITHOUT COLOURED SCREENS 

was taken and reproduced without the aid of any coloured 
acreens whatever. He is interested at once. 

When the expectant inquirer is shown one of Professor 
lippmann^s beautiful photographs on glass, in which all 
the delicacy of natural colours is seen, he at once con- 
cludes that there are coloured screens in this slide also. 
We are not showing him this picture upon a lantern 
screen. We cannot do so ; it must have a reflecting back 
of mercury. If we take the photograph away from the 
mercury back and let him look through the glass photo- 
graph, he is convinced that there is no colouring on the 
plate. There is no colouring upon the mercury, which 
merely acts as a good reflecting surface. From whence, 
then, comes all that beautiful wealth of colour when the 
transparent photograph is placed against the mercury 
background ? From the place that all colour comes firom 
—out of ordinary white light. This seems very mys- 
terious; but let us watch some child blowing soap- 
bubbles. How do the colours arise ? Why do they keep 
changing? 

When light falls upon the soap-bubble it is reflected 
back, not only by the outside surface of the bubble, but 
by the inner surface of the same wall or film. We have 
nothing to do at present with the other side or wall of the 
soap-bubble ; it is only the one very thin film which con- 
cerns us. 

When the film or coating of the soap-bubble is of a 
certain thickness it transmits all the red and green rays, 
but reflects back the violet rays. This phenomenon is 
due to the reflection from the inner side of the thin film 
interfering with the reflection from the outer surface. 
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We merely observe that as the soap-bubble coating varies 
in thickness, the colours which it refleets also vary. There- 
fore if we can make a very thin photographic film on a 
sheet of glas^^ and if we can arrange that this film can be 
of varied thicknesses, we shall have different colours 
reflected thereby. Light will not only be reflected by the 
surface of the film, but also by the mercury backing, and 
the thickness of the film between its outer surface and the 
mercury reflector will determine the colour which will be 
reflected. 

What I have been briefly describing is really what 
Professor Lippmann has successfully accomplished in his 
process of colour photography. He arranges a thin 
transparent film which is sensitive to light; this he 
places against a mercury background, so that when the 
light enters the camera it not only attacks the surface of 
the film, but is reflected back through the film by the 
bright mercury background, which is in immediate contact 
with the back of the film. The sensitive film is therefore 
being attacked both by waves of light falling directly 
upon it and by waves of light reflected back by the 
mercury surface. There is an interference between these 
two sets of waves of the all-pervading ether. At some 
parts the one set of waves will go to assist the other set, 
and at such places the action upon the chemicals in the 
film will be considerable, so that a comparatively thick 
deposit is made. The deposit will really be in very thin 
layers separated by other thin layers of clear film, accord- 
ing, as it were, to the rise and fall of the ether wave 
(light). At other places one wave may go to neutralise 
another, and so on. The actual working of light in the 
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taking of lippmann^s photographs is a much more com- 
plex phenomenon than such a simple interference of waves 
as I have just described. Different colours are due to 
diflerent sizes of waves in the ether, so we have not only 
to deal with two sets of simple waves. However, what we 
have to picture, at present, is merely a film so formed 
with varjdng layers, corresponding to the wave lengths of 
different colours. The existence of these layers in the 
film is not merely theoretical, they can actually be seen 
in the microscope, and photographs of them have been 
taken through the microscope. A colour wave does not 
form only one layer in the film, but a series of layers, the 
distance separating these layers corresponding with the 
length of the wave producing them. 

We now come to consider the reproduction of the 
coloured picture. Although it may seem, at first, in- 
credible, it is a fact that when the film, thus formed, is 
developed and dried it will again reflect back all the 
different wave lengths (colours), which produced the 
different layers. It is, of course, not a case of simple 
reflection. The photograph must have its mercury back- 
ground to set up a second reflection which will interfere 
with the reflection from the front surface of the film. 
The soap-bubble is a complete analogy; indeed the 
phenomenon in both cases is identical. Some layers will 
reflect to the eye only red waves, other parts green waves 
or perhaps violet waves, but other parts will have layers 
which reflect back both red and green waves together, 
producing the sensation of yellow. In this way every 
variety of colour which affected the sensitive film is 
reproduced. 
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Before leaving the LippTnann process, which has only 
been very briefly described* it may be well to remark that 
the photographs taken by this process are usually viewed 
in a dark box with an eyepiece. A strong light ta 
reflected into the box to fall at a certain angle upon the 
glass photograph. While this is an improvement it is not 
an absolute necessity. 

There is another process in colour photography which 
requires no colour screens in reprodiicing its pictures* 
This process was discovered, or I might rather say in- 
vented, by Professor Wood, of Wisconsin (U»S,A*)i It 
is dependent upon the diJTiaction of light by means of 
glass plates with lines ruled very close together, two or 
three thousand lines to the inch. This process would not 
be easily understood without going into it at considerable 
length, and would require a series of diagrams. I there- 
fore pass it over, only remarking that Professor Wood 
uses colour screens in obtaining his photographs, but he 
reproduces them by means of these finely ruled screens, 
known as diffraction gratings^ without the aid of any 
colour screens. Lippmann^s process was entirely free of 
colour screens both in the taking and in the reproducing. 

These two processes are really only of scientific interest. 
One cannot hope to practise such methods with pleasur- 
able ease. What the man in the street really wants is a 
direct method of colour photography. He wishes to take 
a simple photograph, develop it, and find all the colours 
already there. 

Many people have maintained that this will be for ever 
impossible. In these days of discovery it is not wise to be 
dogmatic in one^s prophecies. 
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Has nothing been done to try and get the different 
ooIouiB to fix themselves directly on to a sensitised plate 
or paper ? In connection with the early experiments in 
photography, both Daguerre and Fox Talbot stated that 
sometimes they had found the red objects in a scene to 
impress themselves upon the photographic plates with a 
dbtinctly red tinge. This would, no doubt, be put down 
to some chance chemical coincidence. Several well-known 
men of science, however, succeeded in getting light, when 
passed through a glass prism, to make a coloured record 
upon a sensitised siu^ace. The resulting spectrum band 
was by no means perfect, but some of the colours were 
fairly good. These colour effects, however, were difficult 
to obtain, and they did not live long; even exposure 
to air seemed as destructive as fiuther exposing to 
light 

Such experiments were known to scientists more than a 
centuiy ago — quite a generation before photography was 
invented One might therefore be inclined to say that 
direct colour photography cannot lie along these lines. 
Within recent years, however, particular attention has 
been given to the possibilities of direct colour photo- 
graphy, and some interesting progress has been made. 

Some time ago a bleaching-oui process was introduced, 
and has recently been improved by Dr. J. H. Smith, of 
Ziirich. Through the kindness of a friend I have been 
able to test a piece of this bleaching-out paper. The 
sensitised paper looks as though it had already been 
exposed to light ; it is almost black. I first of all placed four 
strips of coloured celluloid alongside of each other — a green, 
a yellow, a blue, and a red. When the paper was exposed 
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to light through these colour screens, each colour im-' 
preased itself with fair approximation upon tJie paper. 
That is to say^ where green light fell upon the paper it 
turned green, yellow light recorded yellow, and bo on. 
The piece of paper with which this experiment was made 
took an exposure of four hours iu good daylight 

The next experiment was to try printing a coloured 
picture. Taking a coloured lantern slide and removing 
the plain cover glass, I made a contact print through the 
lantern slide. The coloured print thus obtained was a 
very fair representation of the original. This again 
required an exposure of four hours in good daylight, Dr, 
Smith haa every confidence in making the surface more 
sensitive, so that a much shorter exposure would be suffi- 
cient. 

It will be obvious that a glass plate or a film prepared 
in this way and placed in the ordinary camera should 
record the coloured picture falling upon it. A friend 
asked me if I could procure him a piece of the paper, in 
order to try it in the camera. I pointed out that it was 
not sensitive enough for that purpose. What he proposed 
doing, however, was to leave the paper exposed in the 
camera in front of a stained-glass window, and the expo- 
sure might be for a week, if necessary. I do not believe 
that any impression could be got in this way. The light 
would be too weak to affect the chemicals, just as was the 
case in the early experiments of Wedgwood and Davy 
with the camera obscura. The chemicals require a certain 
intensity of light to affect them, the intensity depending 
upon the chemical combination. To take a simple 
analogy, we may imagine a glass plate upon which certain 
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small objects have been fixed. We arrange matters so 
that a strong blast of air projected upon the surface 
blows these objects away from their anchorage. It is 
quite obvious that we might let a gentle stream of air 
play incessantly upon the same plate without having any 
effect upon the objects. 

This bleaching-out process of coloiur photography only 
awaits some means of making the surfaces more sensitive, 
and in adjusting the chemicals so that the colours pro- 
duced will be as near to nature as it is possible to have 
them. 

I cannot do better than close this subject by again 
repeating the words used by Arago before the French 
Chamber of Peers in 1839 :— 

^^The image in its natural and varied colours may 
remain long — perhaps for ever — a thing hidden from 
human sagacity. But let us not rashly circumscribe 
knowledge within impassable bournes. The successful 
efibrts of M. Daguerre have disclosed a new order of 
possibilities.^ 
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CHAPTER VIII 

THE MAKING OF BOOK 
ILLUSTRATIONS 

The first b^nnings— Woodcuts and engravJags— The meaniiig of 
etching— Nl^pcc's early experiments— -A failure folio «red by 
succesa^HeUographj^-A BurpH^ reproduction of some diagrams 
—A visit to the biock-maker's- How the bloeks are made for the 
prlntei-- A demonstration of Scott Archer 'a wet collodiOQ process 
— ZjDCotype process for line drawings, 

IN order to understand clearly how our present beauti- 
ful results in book illustration have been attained, it 
will be of interest to trace the subject, briefly, from its 
earliest beginnings. 

We are not surprised to find that we have to begin in 
China, Indeed, one sometimes feels as though the 
Chinese had discovered everything before the world 
began. The Chinese observed that a block of wood, if 
smeared over with a particular kind of ink, would leave 
a clear impression of itself upon a piece of paper. The 
idea was soon suggested that if they cut away part of the 
surface of the block, and left only the lines of one of their 
language signs, an impression of this sign could be mode 
upon paper. The successful printing of these language 
signs led the Chinese to make wooden blocks with figures 
and images upon their surface. 

It is not known exactly when this wood* block engraving 
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was introduced into Europe, but some museums possess 
prints dating back at least four or five centuries. 

Tliese early woodcuts were merely outlines and spaces ; 
there was no attempt at shading. The art of wood- 
engraving attained to great perfection in modem times, 
but photographic processes have now stepped far in front, 
and completely revolutionised book illustration. 

In order that we may properly appreciate the part now 
played by photography, it will be well to note briefly how 
hand engravings are made on metal plates. The art of 
engraving upon metal is tar older than the art of printing. 
Gold and silver ornaments had for long been embellished 
by engraving designs upon their surface. The goldsmiths 
of Florence increased the decorative effect by filling the 
engraved lines with a black enamel after the design had 
been completed. While at work they had difficulty in 
seeing the part of the design which they had already cut. 
They therefore adopted a plan of inking over the vase or 
ornament occasionally, and then cleaning the surface of 
ink, they pressed a damp paper against the vase, and 
found that they could get a clear impression upon the 
paper of the lines they had already cut on the metal. It 
was a long time before any one suggested this kind of 
engraving as a means of printing pictures. 

It will be observed that engraving upon metal is exactly 
the converse of wood-engraving. In the latter the 
engraver cuts away all the wood except where he desires 
lines to print from, whereas the metal engraver cuts out 
the lines themselves, leaving them as depressions in the 
plate. In the woodcut, therefore, the design stands up 
in relief, and by passing an inked roller across its surface 
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it will receive ink, and that in turn is transferred to the 
paper. All such blocks, an which the lines stand up like 
type* are called rtlkf blocks. Those blocks or plates 
which have the lines sunken below the flat surface are 
called iniagliOj and it is obvious that such plates cannot 
be printed from in the same manner as in the relief process. 
If we were to pass an inked roUer over an intaglio plate 
we should ink the plain surface and leave tiie lines of the 
picture without ink. It is therefore necessary to dab on 
the ink so that it may fill up the depn^ssed lines, and then 
clean the plain surface ; a process which must be done by 
band. If a suitable paper be then pressed against the 
engraved plate, by means of a liand-press, the ink will be 
transferred from the line« to the surface of the paper. 
We have photographic processes on both these principles, 
but it will be of assistance to us to note briefly the method 
of etching metal plates. 

The word etchvng is often used erroneously in connec- 
tion with ordinary pen-drawing upon paper. The process 
of etching metal plates consists, first of all, in covering 
the surface of the plates with some composition which 
will resist the action of acids. The desired design or 
picture is made on paper, and transferred by pressure 
to the surface of the composition. The etcher then 
goes over the lines of the transferred drawing with a 
special needle, cutting away the resisting composition 
wherever he finds a line. When this has been done he 
pours some etching fluid or acid over the plate, and the 
acid soon eats its way into the metal wherever the resist- 
ing surface has been removed by the etcher. ITie result 
is a metal plate with the picture sunken into it. This is 
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therefore an intaglio proceas, and the plate must be 
printed from in the same manner as a hand-engraved 
plate. 

It will be obvious that the etched plates required to be 
prepared by some one with artistic talent, or at least 
some one well able to draw. It was our old friend 
Nio^hore Niepce who first suggested that the etched 
plate might be automatically produced by the action of 
light. Niepce was very interested in the mechanical 
printing of pictures by means of lithographic machines, 
which had not been long in use at this time (1814). 
Niepce set about trying to make improvements in this 
much-praised invention of Senefelder. One suggestion 
made by Niepce was that metal plates should be used in 
place of blocks of special stone. It was while experi- 
menting in this way that the idea occurred to him of 
transferring the lines of the picture to the metal plate by 
means of light itself. Experiments with the salts of 
silver failed to serve any useful purpose. The impres- 
sions got could not be fixed. It was then that Niepce 
made experiments with the bitumen of Judea, of which we 
read in the first chapter. 

The bitumen of Judea did not turn black, like the 
silver salts, on exposure to light. What happened to the 
bitumen was something quite different. If it was dis- 
solved in certain oils and then spread over a metal plate 
and allowed to dry, it became sensitive to light. The 
action of the light was such that it altered the chemical 
condition of the bitumen. After exposure to light, it 
was found to be no longer soluble in the oils which pre- 
viously dissolved it. Here was a way out of Niepce^tf 
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difficulty. He now exposed the pkte with its bitumen 
surface under the transparent drawing* Wherever the 
light got througb to the bitumen tljose parts became io- 
soluble, but wherever the lines of the drawing protected 
the bitumen it still remained soluble. When the exposed 
plate was then placed in the oil bath| the soluble parts, 
corresponding to the lines of the picture, were dissoUed 
away, leaving the plate exposed at aueh places. The 
plate could now be etched by acid in the same manner as 
a plate prepared by the etcher's needle* No artist but 
Light was required to prepare the etched plate. Niepce 
called this process heliogri^hjf (sun -drawing), and un- 
doubtedly it forms the starting-point for all subsequent 
prooesses. 

It would only weary the reader to follow out all the 
processes leading up to our present means of reproducing 
drawings or photographs for book illustrations, Wbat 
the reader really wishes to know is, how we are able to 
take a photograph and print it by purely mechanical 
means, like ordinary type. In other words, how can pho- 
tography make the blocks for producing such illustrations 
as we have in this present volume. 

Many years ago, in writing some articles for one of our 
scientific journals, I drew out a number of diagrams, upon 
which I scribbled several words opposite different parts, 
thinking that the block-maker or the printer would set 
these in type. I was very much surprised, upon receiving 
the proof-sheets, to find that these ugly scribbles of mine 
appeared in the printed diagrams, exactly as I bad 
hurriedly put them upon the original drawings. It was 
quite apparent that the block-maker had simply photo- 
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£P»phed the diagrams and put them, by some means, 
directly on to his blocks. Needless to say that in future 
diagrams I took care to carefully print in any words 
required. How then did the block-maker reproduce the 
diagrams on his blocks ? 

I think it will be of interest if, in imagination, we pay 
a visit to the block-maker^s. We are fortunate in arriving 
just as the block-maker is preparing to photograph a pen- 
and-ink drawing for reproduction in one of our news- 
papers. He has placed the drawing upon an upright 
board, but his camera seems to be pointing in quite a 
wrong direction ; the drawing is at the side of the camera, 
and not facing it. When we go round to the front of the 
camera, however, we find that the lens is turned round at 
right angles, so that it is really facing the drawing. How 
then will the light manage to get round the comer, when 
it enters the camera, in order to reach the photographic 
plate? After passing through the lens, the light falls 
upon a mirror which reflects it at right angles, so that the 
image of the pictiu^ falls upon the sensitised plate at 
the back of the camera. What advantage has been 
gained ? We have certainly not increased our light in any 
way, and yet there must be an advantage of some kind or 
other. Had the image of the picture been thrown 
directly through the lens on to the photographic plate, 
the right hand of the original would have become the left 
hand in the copy. The mirror reverses this, so that the 
picture on the photographic plate is an exact copy of the 
originaL 

Some friends remarked to me recently that they had 
been photographed at a country fair, and that imtil then ^— 

121 ^r 



THE MAKING OF 

they had never Doticed that in a photograph one^s right 
tide became one's left side- One of the party happened 
to have an injured eye ; in the picture it was the opposite 
eye which appeared to be injured. This does not really 
happen in ordinary photography. I have already remarked 
upon thii fault in the old daguerreotype process, and it is 
bound to happen in any process in which the photographic 
picture is dir^rtly taken in the camera. Our glass nega- 
tives are all reversed, but they again reverse the image 
when printing on to the sensitised paper, so that the 
finished photograph is correct. The itinerant photo- 
grapher who took the party referred to was doubtless 
making *'tin portraits,^ whith are directly produced in 
the camera ; hence the reversal of the image. 

If the block-maker were going to print directly from 
his negatives on to the newspaper, he would have no 
occasion to reverse the image by means of a mirror. But 
he is first of all going to transfer the photograph to a 
block, and on this the image will be reversed. In trans- 
ferring the picture from the block to the newspaper the 
image will be corrected again. 

The camera and the pen-and-ink drawing now being in 
position, the operator aisks us if we would care to see him 
preparing his photographic plate. He finds it advan- 
tageous to use the old wet collodion process of Scott 
Archer, and as this process is practically obsolete for 
ordinary photographic purposes we are most willing to 
witness the preparation of the plate in the dark room. 
The operator takes a sheet of clean glass, and holding 
this in a horizontal positron, he pours his collodion mixture 
upon it. He seems to be possessed of some magical 
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power, for he runs this liquid all over the flat glass plate, 
and yet not a drop runs off the plate at the edges. Indeed, 
you question if the plate is really flat and not lipped at 
the edges. Your surprise is not lessened when the operator 
tilts up the plate and pours the surplus liquid off at one 
comer and back into the bottle, leaving an even coating 
upcm the glass. It is difiicult to realise that it was simply 
a molecular cohesion which prevented the liquid flowing 
over the edges of the plate. . The plate is then placed in 
a bath of silver nitrate, whereupon it becomes opaque and 
yellowish white; it is then sensitive to light. The wet 
plate is then placed in the dark slide and is taken out 
to the camera. The pen-and-ink drawing which is to 
have its photograph taken is illuminated by two electric 
arc lamps. The shutter of the dark slide is drawn back 
and the cap of the camera lens removed, giving an ex- 
posure of about one minute. 

Another very short visit to the dark room and the plate 
is developed. It has still to pass through several chemical 
baths, after being washed. The purpose of these is to 
build up a stronger image. These processes are carried on 
in daylight, and do not take many minutes. The visitor 
asks why it is necessary to work with the old wet-plate 
process; would not dry plates serve the same purpose? 
For the block-maker'*s purpose the ordinary dry plate is 
too coarse in the graining of its film, and it is difficult to 
make a dry plate that will give as clear a film as is obtained 
in the wet collodion process. The block-maker also finds 
the wet plate an advantage because it is more quickly de- 
veloped and fixed. Besides, it only takes him a minute or 
two to prepare his plate ; and then he can use the same glass 
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plates Q7er and over again. This ts an advantage, aa 
sometimes the glass plates are very large. The total cost 
of his chemicals is also very small compared with the pnce 
of large dry plates. 

While the negative is drying the block-maker prepares 
the material for his block. As the picture he is repro- 
ducing is a pen-^id-iiik drawing in lines, it will do quite 
well to reproduce it on zinc, the cost of which is smalL 
The surface of the zinc plate is polished, and after washing 
it is ready for sensitising. The chemical solution, which 
IB already sensitive to light, is poured upon the zinc 
plate* 

The operator has previously fixed the zinc plate to a 
small whurling apparatus, which he holds in his hand. 
The whirling apparatus reminds one of the mechanical 
egg-stirrers with which our mothers' cooks used to beat up 
eggs. The purpose of whirling the zinc plate round is 
to throw off the superfluous liquid and leave only a very 
thin film upon the zinc. This film represents old Niepce'^s 
bitumen coating. While the whirling operation is being 
carried on the plate is held over a heating stove, so that 
it is dry almost immediately. 

Next comes the transferring of the picture to the sensi- 
tised zinc plate. This is done in exactly the same manner 
as one prints an ordinary photograph from a negative; 
the sensitised zinc plate taking the place of the sensitised 
paper. During the printing, the negative and the zinc 
plate must be pressed very close together, and to this end 
the printing frame is made very strong. The block-maker 
finds it more convenient to do most of his printing by 
means of a powerful electric arc lamp. After about three 
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minutes^ exposure the zinc is ready, but when taken out of 
the frame only a very faint image can be seen. 

Niepce spoke of the image on his plates as being 
invisible, but Daguerre wrote a paper, in 18S9, pointing 
out that Niepce was wrong in saying so. One might say 
that in any case the image is very faint, so that there 
seems little to quarrel about, but there is no doubt that 
the point to which Daguerre really wished to draw 
attention was that the image in Ni^pce^s process was not 
a latent image to be afterwards developed by chemical 
means. Undoubtedly Daguerre was the first to discover 
a latent image, as related in an earlier chapter. 

The block-maker is going to treat his zinc plate very 
much in the same way as Niepce treated his early helio- 
graphs, but the operator first of all inks the whole surface 
over with a black greasy ink. He then washes away the 
parts of the film which have not been affected by light 
and which have therefore remained soluble. This leaves 
an image in ink with a support of insoluble chemical 
coating beneath it The greasy ink is going to act as a 
resister during the etching process, but before placing the 
zinc plate in the etching bath it is necessary to varnish 
the back of the zinc plate to prevent the acid attacking 
it. Hie face of the plate is now bitten into by the etching 
fluid, except at those parts protected by the inked film. 
This etching process is allowed to go on until the pro- 
tected lines of the picture stand up in bold relief. The 
sides of these lines are protected from the acid by dusting 
on a powder and then heating it. 

These zincotypes are just like the old woodcuts. The 
wood engraver drew his picture on a flat block of woody 
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and then he cut away some of the woocl^ leaving the lines 
of the picture stauditig up in relief above the body of the 
block. In the zineotype we transfer the picture to tlie 
block by photography, and by means of the etching fluid 
we "bite away^ the zinc surface, leaving the lines of the 
picture to stand up from the block. The zinc plate is 
then mounted upon a strong block of wood, so that It 
can be properly set in the printing machine^ and used 
along with ordinary type- 
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CHAPTER IX 

MORE ABOUT BOOK 
ILLUSTRATIONS 

The ** half-tone " process for reproducing photographs and paintings 
—The great artist Light— Making the n^^tive— The use of the 
process screen — A myriad of photographs in one— Making the 
block — How the screens are made— How the block prints— Other 
beautiful processes— Woodburytype— Photogravure— Collotype- 
How photo-postcards are made. 

IT will be evident that only pen-and-ink drawings can 
be copied by the zincotype process, described in the 
preceding chapter. The picture must be composed of 
lines or black and white patches. One could not copy an 
ordinary photograph, nor a painting, by this method, 
which is essentially a line process. A piece of music is 
easily copied in zincotype, and the cost of making such 
blocks is much less than by the older methods. 

How then can we ever hope to transfer an ordinary 
photograph to a block, so that it may mechanically print 
the photograph on to paper? Suppose we do sensitise 
a metal plate and then print an ordinary photograph 
upon it from a negative. We shall have the picture upon 
the sensitised metal surface, but we cannot hope to etch or 
** bite away "^ all this complex variety of light and shade ; 
we have no distinct lines. The difficulty might seem in- 
surmountable, but it has been overcome in a very ingenious 
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way. No doubt tbe idea was first suggested by some old 
wood-engravings made by the Flinch engravers about the 
middle of the fifteenth century. Instead of merely cutting 
away the wood and leaving lines, these engravers iJitio- 
duced a new effect by cutting so tliat small upstanding 
dots remained. These raised dots were made of diSerent 
diameters, in proportion to the amount of ink the engraver 
wished to appear upon the paper at any place. This pro- 
csess has been called siippllng. 

If we could only make a metal plate with a myriad of 
email outstanding dots which could be inked and then 
printed from^ we could produce all shades from black to 
white by varying the sizes of the dots. If we made the 
equidistant dots of large diameter so that they almost 
touched each other, they would naturally receive a good 
deal of ink as the roller passed over them, and would 
therefore print a patch of black. If we reduce the size of 
the dots so that we shall have white paper showing 
through between them, the printing will be a mixture 
of black and white, which produces a grey effect. We 
may go on reducing the size of the dots until they are so 
small that the paper looks practically white. 

If we look at a picture made of dots, as in the illustra- 
tion on the page opposite, the effect is not very pleasing. 
If one leaves the book open at this illustration and then 
looks at it from the other side of the room, the effect of 
light and shade is really wonderful. The individual dots 
are no longer visible. It would hardly do to make book 
illustrations which required to be viewed in this manner, 
but it is obvious that if we make the dots so small that 
they cannot be seen individually by the eye, the result 
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will be the same. If the dots are to be so small that one 
cannot see them as dots, how can we ever hope to produce 
them upon metal, and at the same time arrange their 
sizes so that we shall have all the variety of light and 
dhade ? The great artist Light can do all this for us in 
a few minutes, if we only place the proper apparatus at 
his disposal. No human artist or engraver could manipu- 
late such small dots, and yet this great artist Light must 
act on each dot independently. If the reader will take 
a magnifying-glass and examine any of the illustrations in 
this book, he will see that this is no light task to perform, 
as the dots are set so close together that over half a 
million are required to produce one of the larger illus- 
trations. 

Are we then to supply the artist Light with a separate 
camera with which to produce each dot? I see no 
other way of doing it A statement of this kind will 
seem to be gobg beyond the scope even of romance, 
and to be across the border-line of sense. The reader 
will remember, however, that the original camera ob- 
scura had no lens ; it was simply a hole in the window 
shutter or screen. Then again facing page SI 6 we have an 
illustration of photographs taken through a pin-hole. 
Suppose now that we arrange a great myriad of pin-holes 
on a single .creen, the construction of which we shall 
consider later. At present we shall picture it as a screen 
of 6ne black gauze or netting supported on a sheet of 
clear glass. We place this screen inside a large camera 
in the position usually occupied by the ground-glass 
focussing screen. We may imagine the image of a picture 
£Edling upon this gauze screen, just as we find it on the 
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ground'gk39 screen. As & matter of fact, we thotild not 
really see an image under such circumstanoea without the 
aid of a focuasiog eyepiece, for our screen is clear glass, 
and not semi-transparent like the ground glass, How- 
everi the rays of light to form the image are there, as we 
may prove by examining any part of the screeB with a 
suiiahle magnifying glass, called a focussing eyepiece* 
This eyepiece simply brings the light rays passing 
through the sateen to a focus for the eye. We therefore 
picture all the variety of light and shade, of whatever 
subject is in &ont of the camera, as falling upon this 
glass screen with its myriad of pin^-holes. Each pin-hole 
will allow a sharp pencil of light, as it were, to pa^ 
through it, and it is with those seventy thousand pencils 
that the artist Light is going to make a record upon a 
photographic plate. 

We place a sensitive photographic plate immediately 
behind the pin-hole screen, so that the different pencils 
of light will fall clear of each other. We shall receive 
upon the photographic plate a myriad of separate impres- 
sions which, when developed, will appear as tiny dots. 
If the same intensity of light was falling upon all the 
pin-holes, then we should have a plate with dots of 
uniform size. We have, however, a great variety of light 
and shade, so that there will be very energetic pencils of 
light passing through some pin-holes, weaker ones through 
other holes, while there will only be a very faint pencil of 
light through those parts which are in sliadow. When 
the plate is developed we shall find that where a strong 
l^ht has come through a pin-hole there will appear a 
comparatively large impression or dot Where a fainter 
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h^t has passed through a pin-hole there will be a corre- 
spondingly smaller dot. 

Suppose we wish to make a dotted negative from a 
photograph of a man. We set up the photograph in the 
same position as we had the pen-and-ink drawing in when 
making the n^ative for the zincotype block. The only 
difierenoe now is that we are going to interpose the gauze 
screen in front of the photographic plate. Without 
going into details, we may picture a strong light being 
reflected from the man's face, so that energetic pencils of 
light mark the plate at the place where an image of the 
&Lce would &3L We therefore have a series of large dots 
on the negative at this place. The man's black coat 
reflects very little light, hence small dots will represent 
the image of the coat upon the negative. It is the 
negative we are considering; the dots will be reversed 
when transferred by light to the block. A glance at the 
illustration opposite page 128 shows large dots producing 
the dark objects, and smaller dots the lighter parts. 

The preparing of the wet plate, the taking of the 
negative, and its subsequent development are all identical 
with what has already been described in connection with 
sinootjrpe, with one exception — the introduction of the 
gauze screen. Having obtained our dotted negative, we 
may leave it for a little to consider how the pin-hole or 
gauze screen is made. 

Some of the screens, for fine work, will have four and a 
half million pin-holes in one square foot. How will it be 
possible to make such a myriad of holes so close together ? 
The method adopted is very simple. The screen is made 
up of two sheets of glass, each being covered with a series 
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of parallel Hdcb lying diagonally across the glass plate. 
When the two plates are mounted, with their ruled faces 
together, the two sets of lines are at right angles to erich 
other, so that they form a gauze or net effect, us 
represented in the accompanying diagrams. 

The method of making the screens is of interest* If 
two hundred parallel lines have to be ruled tn one inch, it 
will be apparent that the Unes must be very fine. The 
glass is iirst of all given a chemical surface, or film, which 




No. 1 No. 2 

Fio. A 

THE CONSTRUCTION OP A ^' PROCKSS SCREEN 



No. 1 and No. 2 mounted 
together 



will resist the action of an etching fluid. The necessary lines 
are then cut into this chemical composition by means of 
a dividing machine, thus laying the glass bare along these 
lines. When the prepared glass plate is now put into a 
special etching bath containing fluoric acid, the fluid eats 
into the glass along these exposed lines. The result is a 
series of very fine grooves in the glass. These are then 
filled in with a black enamel, thus producing a screen 
covered with very fine parallel lines in black. 

A second screen is made identical with the first one, the 
lines running in the same direction. Then when this 
second plate is turned face downwards upon the top of the 
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first, the two sets of lines will cross each other and form 
the network of small holes. It will be apparent that, in 
the accompanying diagram, No. 1 is shown face upwards, 
but Na S with its ruled face downwards, ready to place 
on the top of Na 1. 

A very coarse screen, say for poster work, may have 
only fourteen lines to the inch. The illustration opposite 
page 1S8 has been taken through a sixteen line screen, 
whereas the majority of the illustrations have been made 
throu^ screens having 175 lines to the linear inch. 

Having already prepared his dotted negative, the block- 
maker proceeds to make a block for the printer. He takes 
a plate of copper this time instead of zinc, because it is 
durable and gives a more perfect and a harder sur- 
The 8ur£Eu:e of the copper is sensitised and then a 
photographic print made upon it, through the dotted 
negative. The copper plate is then washed to remove 
thoee parts of the film which have been unaffected by 
light. The plate b then baked at a high temperature in 
order to harden the film. It is next placed in the etching 
bath. The surface of the copper plate is bitten away, 
leaving only a myriad of small dots of varying diameters. 
Tliit biting away is continued until the small dots repre- 
aeottDg white in the picture have almost disappeared. 
After the plate is well washed it is mounted upon a block 
of wood and made ready for the printer, who may print 
with it in his high-speed machines just as though it 
were ordinary type. 

It is, indeed, remarkable that when this seemingly 
smooth block is inked by passing under a roller in the 
way, each separate tiny dot is able to transfer an 
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image of itself in ink on to the paper. The dotn Are al! 
very sraall and very close together, giving the appearance 
of a perfectly smooth surface^ so that one would not be 
surprised if only a very smudged effect were the result of 
printing. Each illustration in this book is a witness to 
the fine work performed by those little dots. When we 
consider that these tiny dots are practically invisible t^ 
the unaided vifiion, is it not wonderfijl that they c^n act 
like type and print thousands of copies of those tieautiful 
photographs ? 

It is interesting to note that the block-maker can vary 
the shape of the small dots upon the negative, which in 
turn determines the formation of the dots upon the metal 
block. We may picture each space in the ruled screen as 
acting like a pin-hole camera and giving an image of the 
aperture of the lens of the large camera. The operator 
may therefore insert diaphragms, with differently shaped 
openings, in front of the lens. If he uses a diaphragm 
with a square opening, then the little dots will all be 
square, and so on. 

In the earlier part of this chapter we saw how line 
drawings are transferred to the printer**s block by means 
of photography; the process being called zincotype. 
Then we have just been considering how paintings or 
actual photographs may be reproduced by means of pro- 
cess screens. This process is descriptively named the 
half-tone process. I have gone into the particulars of 
these at considerable length, because they are the two 
processes most commonly in use at the present time. The 
one great advantage, in these processes, is that the print- 
ing surface stands up in relief, so that the zincotjrpe and 
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the half-tone blocks may be used along with ordinary 
printing type. The rate of production in printing is 
therefore very great, and the cost correspondingly small. 

We have already noted that when a printing surface is 
not in relief, but has its lines sunk below the surface of 
the plate, as in the copper plates engraved by hand and 
in the early heliography of Ni^pce, the process is known 
as intaglio. This is an Italian word meaning to carve or 
cut. It wiU only be possible to give a very brief descrip- 
tion of a few well-known intaglio processes. It will be well 
to include this description, for if the inquiring reader 
examines illustrations in different books with the aid of 
a magnifying glass, he may be puzzled when he comes 
across an illustration which it is clear is neither a zinco- 
type line block production nor a dotted half-tone. 

The most perfect of intaglio processes is one known as 
woodburytjrpe, being so called after its inventor. Here 
we have the original idea of Ni^pce appearing again. A 
preparation of bichromated gelatine takes the place of 
Niepoe^s bitimien. This prepared photographic plate is 
exposed to light under a negative, and the gelatine is then 
dissolved away, its solubility being in proportion to the 
amount of protection offered it by the negative. A mould 
is therefore formed in the gelatine, the deepest parts being 
under the dark portions of the negative, and the shallow- 
est parts being under the most transparent portions of the 
negative. Now comes a most remarkable part of the pro- 
cess. If this gelatine mould be placed in a hydraulic 
press, with a sheet of lead over it, and an immense press- 
ure equal to about four tons to the square inch be applied^ 
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a clear impr^aion is left in the lead. This lead mould 
is, of course, a reverse of the gelatine mould ; the pro- 
jecting gelatine is now represented by a depression in the 
lead mould, and the sunken portions of the gelatine stand 
up in relief upon the lead* Let us trace the process bj 
looking at a white object in the original picture which is 
being copied. The white object appears as a black patch 
upon the photographic negative. ITiis opaque patch pro- 
tects the gelatine when it is exposed to light, so that, on 
being washed, the gelatine at this part will be dissolved 
and there will be a consequent depression* The hydraulie 
press will force the lead into this depression, producing 
the same formation in relief upon the lead ; this now 
represents the white object in the original pictme. 

From what has been said, it will be clear that the 
variation of light and shade in the original picture is 
represented by variations in depth of mould in the lead. 
If a warm gelatinous ink be now poured into the lead 
mould and a well-sized paper be firmly pressed down upon 
it, the paper will lift out the whole of the ink. The ink 
will be thickest at the greatest depressions and least at 
the shallowest parts. In this way a beautiful copy of 
the original picture is reproduced with very perfect grada- 
tion of tone. It will be quite evident, however, that this 
process must be a very slow one compared with the half- 
tone process, which is printed like ordinary type. 

We have seen, in this woodburyiype process, that a 
gelatine mould is able to impress all its variations of 
depth upon a sheet of lead. It is very surprising to learn 
that after this gelatine mould has been subjected to an 
immense pressure, which would be equivalent to about 
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one hundred tons for an illustration to sait this page, the 
gelatine mould remains uninjured and ready to produce 
further lead reverBes if desired. 

Another important intaglio process is that known as 
fhotogrmmre^ which reproduces the shades of the original 
with great artistic effect I saw some illustrations being 
made recently, by this process, for a book on birds. It 
was really very difficult to detect any difference between 
the artistes black-and-white drawing and the printer^s 
photogravure. One could have believed that every copy 
had been specially drawn by the artist. How is this 
interesting feat accomplished ? 

First of all the photographer photographs the artist's 
drawing. From the resulting negative a positive is taken 
cm a sur&oe of bichromated gelatine, or as it is more 
commonly called, a carbon tissue. When this exposed 
carbon tissue has been washed, there remains a mould of 
varying depths, as described in the preceding process. 
This gelatine film is floated off its support and trans- 
ferred to a copper plate, which has been previously treated 
with bitumen dust to give it a grained siu*face. The 
gelatine film is transferred to the copper plate before 
being washed. The plate is next placed in a bath of 
etching fluid, which can make its way through the gelatine 
and attack the metal plate. It naturally gets through 
the thinnest parts of the gelatine first, and bites in to 
some depth at such places before it has reached the plate 
through the more dense parts of the gelatine. The action 
is allowed to go on until the fluid just commences to act 
on the places under the thickest gelatine. The copper 
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the oopfxr« It is turn mdj for the prmter, vho ioks the 
plate dl over bj hand, and th^i doiUft the ink itwmj fioiii 
tbt lor&fie^ l^Ying the wnken immgt SShed with mb 
Wlm ft initfthle pftper it preaed fimdy down opoD the 
ptftte, bf ixM^m of & hAod-press, the nik fe trmmferred 
from the dapreMOfu to the paper. The result is a 
beautiful picture rery doselj resetnblii^ the arttsi*ft 
original drawing* llie productioti of photogmvures is 
neoeMarily slow and costly, the inking of the plate and 
the printing requiring to be done by hand. Recently a 
process of printing photogravures by machine has been 
invented, but is not in general use. 

Another interesting process belonging to the same dass, 
but depending upon a different principle of printing, is 
called coUoiype. The bichromated gelatine is exposed 
and treated in the usual way. The parts which have been 
exposed to light will not only become insoluble, but by a 
special treatment the surface is divided up into a grain — 
a process known as reticulation. This will vary in pro- 
portion to the amount of change produced by exposure to 
light under the negative. If we now pass a roller with 
greasy ink over the plate, we shall find that the grained 
surface will print the different tones. In this way the 
collotype block can transfer the required amounts of ink 
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to paper and produce a picture very closely resembling 
the original photograph. 

Photography has been applied to the production of 
illustrations in many other ways, but I fear further details 
might become wearisome. The processes we have already 
considered are those in most common use. I think it 
will be of more general interest if we now inquire how 
phot(^raphy has enabled us to produce those beautifully 
coloured pictures by what is known as ihe ihree-colow 

pfX)CCM* 

Before closing this chapter it may be of interest to con- 
sider the making of photographic post cards. 

The present is the day of pictorial post cards. The 
handling of these alone by the Post Office is a great 
undertaking. There were hundreds of millions of these 
aent through the post last year ; probably not less than 
cme million per day. 

Pictorial post cards are not all made by photographic 
processes, but a very large proportion are, either directly 
or indirectly. Surprisingly large quantities are actual 
photographs printed directly on to sensitised post cards. 
This is not merely a hobby with amateur photographers, 
but is also done on a large scale commercially. Small 
machines are made whereby the printing of these may be 
carried out very expeditiously. 

There are many cases of amateur photographers paying 
their holiday expenses by making picture post cards of 
local interest. A direct photographic post card will sell 
retail at threepence, and if the amateur gets twopence 
from the shopkeeper, then rather more than half of his 
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takingg will be clear profit. But wh&t about the time 
required to produce tlie cards by hand ? A Bimpk calcu- 
lation on the forgoing basis ihows that the amateur 
must turn out over two thouaand cards to earn ten 
pounds. Imagine printing two thousand photographs ! 
It does seem a s^ous undertaking, and yet amateun 
haye accomplished thii. Specially mpid bromide post 
card^ are made, which require only an exposure of one 
second to the light of an incandescent gaslight. Ttie 
latent image is developed afterwards. 

Here is a note given by one authority of the time 
required to produce lifty post cards* With suitable 
apparatus the printing will occupy ten minutes^ de- 
veloping and fixing twenty minutte, **8queq^ing^ fifteen 
minutes, which makes in all about forty-five minutes. 
The prints have to be washed for about an hour, but as 
that process is automatic it need not be included* If 
handling a batch of one hundred post cards at one time, 
they may be completed within an hour. If this rate of 
production could be kept up, the amateur photographer 
would be earning over eight shillings per hour. He would 
probably require to turn professional to find an outlet for 
his productions. 

All the direct photographic post cards, however, have 
not been printed and developed by hand. One company 
possesses an automatic machine which can print and finish 
real photographs " by the mile.*" The actual working of 
the machine is a trade secret, but its general principle 
may be described here. A large roll of sensitised bromide 
paper, wide enough to take in mcuiy photographs across 
it, is placed in a large machine. At one part of the 
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madiiiie a number of photographic negatives are firmly 
fixed in a strong frame. The machine feeds the paper 
forward, then presses one portion against the negatives, 
while a short exposure is made to artificial light. The 
machine then carries the paper forward to the develop- 
ing and fixing baths, and finally passes out the finished 
photographs. The whole processes are continuous and 
automatic 

A large quantity of picture post cards are made by 
the half-tone and by the collotype processes. 
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CHAPTER X 

THE THREE-COLOUR PROCESS OF 
PRINTING 

Taking the iiegatiTe--Maklng the block— Mixing of coloured pig- 
mentB— We dg not make colours— What the artUt does— Why hia 
ftiDdameotAl colours aro not the ^me as the primary coloun^ 
Addition and subtraction^ An cxpeHmeot m colnur subtraction — 
A simple illustration — A convincing experimeut — How the ajlist*« 
fuodamenbal colours are determined— An unnecessary confusion 
^The printer's inks -^Another lantern demonstration ^Three- 
colour printing dependent upon photography— Printing the picture 
'A simple case— The effect of each block— Entirely subtraction 
—Achievement of the artist Light— Some interesting points about 
the blocks— Ideal colour photography — What is the four-colour 
process? 

COLOURED pictures have been made by the litho- 
graphic press or machine for quite a long time 
now. Each colour appearing in the picture 
requilres a separate stone or block. One stone carries 
those parts of the picture which are to be printed in red, 
another those parts which are to be green, and so on. 
Each colour has its separate stone with its particular part 
of the picture. By this means a coloured pictiure is 
patched together by lithography. 

When it became possible to transfer photographs to 
blocks by means of the process screen, as described in the 
preceding chapter, there was a natural desire to repro- 
duce photographs in colours. If we think of all the 

142 



THREE-COLOUR PROCESS 

diflferent processes of colour photography with which we 
have akeady dealt, we have no hesitation in selecting the 
Sanger Shepherd process as a possible solution of the 
printing problem. It will be remembered that three 
separate negatives were taken in this process. One of all 
the red rays, another of all the green rays, and a third of 
all the violet rays, thus recording all the colours in the 
objects being photographed. A lantern slide was pro* 
duced by making three positives or transparencies from 
these negatives, and then dyeing each transparency a par- 
ticular colour, and placing one on the top of the other. 

Suppose we now take the three separate negatives, and 
instead of making the transparencies, we make three 
separate half-tone blocks, one from each negative. The 
ordinary negatives will not serve our purpose ; we must 
take them through the process screen in order to get the 
little dots, which will stand out in relief upon the print- 
ing plate. It will be obvious that there are two ways of 
obtaining the desired negative. 

Suppose we are going to reproduce a water-colour 
painting. We may, Srst of all, photograph it through a 
red glass, and at the same time we may insert the process 
screen in the camera, so that the negative representing 
the red in the picture will appear in little dots. We may 
-then do the same for the green and the violet negatives. 
Another way of securing the dotted negatives is to take 
ordinary negatives through the colour filters, and print 
positives of these in the usual way. Then each of these 
positive prints has to be photographed again through the 
process screen in order to obtain the dotted negatives. 

Having obtained the three dotted negatives, which 
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together represent all the colour in the picture, we pro- 
ceed to make a separate half-tone bIoi*k of each. If we 
examine these three blocks, we shall find that they are 
quite different from simple colour hlockfl^ oa which one 
part of the picture appears on one block, and another 
part on another block. Here we huvc a continual over- 
lapping ; indeed, each block seems to include almost the 
whole picture in some degree, A brown object is clearly 
seen on aU three blocks. It will be obvious that we in- 
tend printing one colour on the top of the other. 

From what has been said already in connection with 
colour photography, it will be clear that we do not fyro- 
pose to print from these blocks in the three primary 
colours — red, green, and violet. We remember that tbe 
mixing of coloured pigments is not the same as the 
blending of coloured lights. The former is a case of 
subtracting colours from white light, whereas the latter 
is a simple case of adding coloured lights together. 

Before attempting to print a picture from these three 
blocks, it will be well worth our while to consider the 
mixing of coloured pigments, dyes, or inks. There is 
often some difficulty in clearly understanding the differ- 
ence between the mixing of pigments and the blending 
of coloured lights. A piu^ly scientific explanation is of 
little assistance to the general reader, and I have no hesi- 
tation in asserting that the difficulty does not exist in 
the minds of unscientific people alone. There seems to 
me to be only one way in which the general reader may 
easily grasp the subject and thereby dispel all confusion. 
He must expel from his mind altogether the idea that in 
mixing pigments, dyes, or inks, he is nuMng colours. 
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Our whole stock of colours lies around us in white U^i. 
All we can do is to sort out the different coloured rays 
contained in white light; every colour that has at any 
time been produced has simply been a manipulation 
of li^t That is where the artist got all his colours. 
Some one may object to this statement, and say that the 
artist really procures all his colours firom the artistes 
oolourmen. He undoubtedly purchases his paints there, 
but these are merely pigments with which he can manipulate 
the colours which are already blended together in the white 
light fallmg upon his canvas. If an artist friend disputes 
the point, we ask him to look at his paint-box by the 
light of a mercury vapour lamp, or if that is not con- 
venient we make up a sodium light by mixing some 
ordinary salt in methylated spirits, as we did in an 
earlier chapter. We then ask the artist where his red 
paints have gone. These paints are now colourless, and 
yet their chemical or physical condition has not changed. 
There is no red colour simply because there are no red 
rays in the light which is falling upon the pigments. 
Perhaps I have pressed this matter far enough, but I am 
anxious that it should be perfectly dear that the mixing 
of so-called colour pigments is merely a manipulation of 
ordinary light 

Some one may say at this point that he sees quite 
clearly that the pigments are merely absorbing certain 
colour rays and reflecting others, but he cannot see why 
red, green, and violet should not be the primaries when 
dealing with pigments just as with coloured rays of light. 
Surely he has forgotten for the moment that the mixing 
of the pigments is merely the manipulation of the colour 
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rays already existing around him. Certainly th^e arc 
only three primary colours, and these are red, green, and 
violet. The artist may have three fundamental or 
primary pigments, but that is quite another matter; he is 
only going to use thesje for manipulating the three primary 
colours contained in white light. 

Why should red, green, and violet paints not give the 
same result as is got by blending tliree lights of these 
colours together ? The matter is really very simple. Let 
us take a piece of white paper; there on the paper we 
already have the whole stoek of our colours reflected in 
white light. Some reader may consider that the colours 
are only there "theoretically,*' We assert that the 
colours are there in reality. We let a beam of light fall 
upon the paper, passing through a glass prism on its 
way. We at once see all the colours of the rainbow. 
We point out the three primaries — red, green, and violet — 
remembering that the other colour effects may be produced 
by different combinations of these three colours. If we 
withdraw the prism we see no colour, but the coloiurs 
must still be there. It is only when our three colour 
sensations are simultaneously stimulated that we see 
white. We are bound to admit that the colours are really 
there upon the white paper. 

Suppose we cover the white paper with a red paint, 
what have we really done ? We have applied some sub- 
stance which has absorbed, or blotted out, all the green 
and violet rays of the white light, leaving only the red 
rays to be reflected to our eyes. We have nothing left 
on the paper but the red rays. There we say we have 
our first primary colour, and we are going to attempt to 
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PROCESS OF PRINTING 

combine red, green, and violet to produce white, just as 
Ives did in his triple-lantern process. We next take 
some green paint, or transparent dye, with which we can 
overlap the red on the paper. We know that this green 
dye will cut off the red and the violet rays, but our paper 
is at present only reflecting red rays, so that a transparent 
coating of green will cut off these red rays, and we shall 
have no rays at all reflected from the paper; it will 
therefore appear black. 

It is now quite clear that the mixing of coloured pig- 
ments is different from the blending of coloured lights, 
but some reader might still like to ask why there is a 
difference. I think there can be no simpler definition 
than that already given ; the blending of coloured lights 
is a case of addition^ whereas the mixing of colour pig- 
ments or dyes is a case of subtraction. The artist often 
wishes he could add light as be puts his coloured pig- 
ments upon the canvas. 

Take as an illustration of the first case Ives"* three 
lanterns independently throwing red, green, and violet 
lights upon the lantern sheet, so that they fall one on the 
top of the other. Suppose we have the three lanterns 
all ready with their respective colour screens or filters in 
position, but we have a shutter over each lens. Ives 
therefore starts with no colour— <iarkness— on his lantern 
sheet. He first opens the one lens and throws red upon 
the screen ; he then adds green to this, and the two lights 
overlapping or blending together produce the sensation 
of yellow. He then adds violet light on the top of the 
red and green, when all three together produce the effect 
of white. Our whole three sensations are simultaneously 
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excite], Ttis has been a clear case of addition; 
startt^ with a blank sheet— diirkaess — and we added tim 
IhrLC primary colours together. 

Ib the second case^ the mixing of coloured pigment^] 
we set off with all three colours — white hght — reflected 
from a piece of paper- We apply a red dye, and thereby ^m 
we blot out the green and violet rays, leaving only rad.^| 
That is quite a big subtraction already. We then add 
a green dye^ which absorbs the remaining red rays, and we 
have nothing left> It is a cl^ir case of subtraction. 

In describing his process of colour pbotography Sanger 
Shepherd has said that his method is ooe of subtractioo. 
This has no doubt been said in order to differentiate it 
from Ives^ process. But is not all colour manipulation a 
case of subtraction ? I believe that any other way of 
looking at the matter is sure to lead to confusion. We 
can only have an addition where we have separate indi- 
vidual lights, such as in Ives^ triple-lantern process. As 
long as we are painting or printing on white paper or 
other substances, we are merely manipulating the colours 
already contained in white light, and our manipulation 
must necessarily be one of subtraction. 

Let us take a very simple illustration. We have a 
new wooden door, and we send for the house painter to 
come and paint it red. The painter does not really bring 
the red colour with him ; the colour is already there, 
reflected from the door in white light, before we ever sent 
for the man. The door is reflecting red, green, and violet 
rays blended together, and producing the sensation of 
white. What the painter really does is to apply a sub- 
stance which will absorb or subtract all the green and 
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violet rays, leaving only the red rays to excite our vision. 
Some one may suggest that we are taking a very roimd- 
about way of thinking; he would prefer to speak of 
simple addition. Why, you can see the red stuff in the 
painter^s pail, and you see the painter add that to the 
door. Certainly we see the ^^red stuff ^"^ in the pail, 
because the property of that substance is to absorb the 
green and violet rays of light, and reflect only the re- 
maining red rays. But we are forgetting again that the 
red colour is not an inherent property of the substance in 
the pail. But as the painter only exists in imagination, 
we can afford to detain him without fear of running up a 
big wages bilL 

We take the painter indoors. We close the window- 
shutters and light the gas or turn on the electric light. 
We ask him to look at the red stuff in the pail ; it looks 
very much the same as before. We then prepare a 
sodium light, as we have done on two previous occasions, 
by mixing salt and methylated spirits together. As soon 
as we have set a light to this mixture we turn off the gas 
or electric light, whereupon the red stuff in the pail is no 
longer red. This particular painter happens to be rather 
a duffer, and he blames me for spoiling his pot of good 
paint. I relieve his distress by extinguishing the sodium 
li^t and turning on the gas or electric light, or by 
opening the window-shutters. He once more sees his 
paint red, and he is quite satisfied that no chemical or 
physical change took place in the paint-pot. I fear he 
goes away only mystified and not enlightened. 

I tell an artist friend that, before he ever puts a brush 
to his canvas, all the colours he is going to have are 
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already tbere upon the eaaraA, I fear liiat^ unless be has 
a scientific mind^ be will think I am merelj making fun, 
or that I require a mental ft!st* It U none the less true ; 
the artist merely mixei hii pigments together, and thereby 
subtracts the green and v^iolet rays from one part of tbe 
canvas, leaving the red rays to be reflected to the eye, and 
so on. 

It is clear that the artistes fundamental colours must 
be different from the three primaries with which we have 
been dealings but how are these colours determined by 
the artist F The artist has long known that if he has 
what are usually called red, yellow^ and blue paints, he 
can mix these together and produce practically any 
desired colour and shade. Indeed, it is common practice 
for the artist and the colourman to call these the three 
primary colours. Hence arises considerable confusion. 
It is quite right that they should call these their three 
fundamental or primary paints, but I most emphatically 
protest against the practice of calling these the three 
primary colours. There are but three primary colours — 
red, green, and violet. The primary red pigment is not 
the same as the red of the spectrum, and the same applies 
to the printer's ink. 

The printer'*s three inks should really be the yellow, 
greenish blue, and crimson-pink, as used in colour pho- 
tography (Sanger Shepherd process), but in practice they 
differ considerably, so that we shall merely call them 
yellow, blue, and red inks. The red ink does not only 
reflect the red rays of light; it also reflects the violet 
rays of light, causing these two colour sensations to be 
excited. Our primary red colour, on the other hand, 
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afiecU the red sensation only. In the same way the 
printer's blue ink reflects both the green and the violet 
rays of light, while our primary violet colour affects only 
the violet sensation. Therein lies the whole diflference, 
and it cannot be said that it is merely a theoretical 
diflerence. 

The printer^s third fundamental or primary dye is 
yeUow. This dye or ink reflects both red and green rays 
of light, and the simultaneous excitement of these 
two sensations produces the efiect which we recognise as 
yellow. 

Hie artist and the printer know that these three 
primary paints or dyes will enable them to produce prac- 
tically every colour, but what is the reason underlying 
this fact? Think again of the white sheet of paper. 
There we have every colour we can ever possess. The 
colours are blended together to form white light. Now 
in order that we may manipulate this combination of red, 
green, and violet rays to full advantage, we must be able 
to subtract each colour separately at will. Red paint, 
corresponding with the red of the solar spectrum, sub- 
tracts both the green and the violet rays, leaving only 
the red rays to affect our vision. What we want is a 
pigment or dye which will subtract only one, and leave 
the other two primaries intact. The experiments which 
we made in order to help us to understand the Sanger 
Shepherd process of colour photography will be of service 
again. 

We take three separate lanterns, and by placing a red 
glass screen in one lantern, a green screen in the second, and 
a violet screen in the third, we cause these three coloured 
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Ijghta to bU one upon the other cm the knteni sheei.^ 
ITie sbffet appears white, or at least practicoUj so, for it 
is di in cult to get our colours of exactly the right hue. Lei ^_ 
us now subtract one of these primary colours. Siippo#e wa^^| 
cut off the light from the violet lantern^ and lea^ only 
red and green to overlap upon the sheet, we shall thcm^H 
see the sheet yellow. A yellow ink will therefore subtiact ^^ 
only the violet rays from white light If he prints yellow 
ink on to a paper, he merely subtracts the violet rays of*^! 
light 

We then set all three lanterns once more^ when>upon 
we see the sheet white, lliis time we cut off the green 
light, and there we have a crimaon-pink sheet. A crimson* 
pink or red ink therefore subtracts the green ra)rs. Once 
more all lanterns alight, and we have a white sheet. On 
this occasion we shut off the red light, thus causing the 
sheet to appear a greenish blue. Greenish blue or blue 
ink therefore subtracts the red rays. 

We shall stick rigidly to the idea of subtraction. To 
sum up : yellow ink subtracts violet, the red ink subtracts 
green, and the blue ink subtracts red. Some readers may 
think that I have forgotten that my subject is photo- 
graphy, I have written at so great a length upon the 
subject of colour, but I see no other way of explaining 
the three-colour process. If we did not first of all fiilly 
grasp the meaning of colour, we could only form a very 
imperfect notion of the three-colour process. 

This interesting process of printing coloured illustra- 
tions is dependent upon photography. It is by means of 
the camera that we can make the necessary printing 
blocks. As we have dealt with the making of the three 
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blocks in the early part of this chapter, it only remains 
for us to see how the colours are reproduced on paper. 
Let us take the very simplest illusti'ation : a violet flower 
and green leaves in a red vase, the background being 
black. 

The printer finds it necessary to print his yellow ink 
first, as it is not so transparent as the others. Then he 
prints his red ink on the top of that, and finally his blue 
ink on the top of these two. 

It will be remembered that we have already prepared 
a block to subtract violet from every part of the picture 
except where it is wanted. We only wish violet in the 
flower^ and so we print yellow (which subtracts violet) over 
the whole paper except for the flower. 

If the reader turns to the coloured illustration facing 
page 164, he will see a simple demonstration of three- 
colour work such as I am describing. 

We start with our whole stock of colour on the plain 
white paper. This first block (yellow) subtracts violet 
rays, the second block (red) subtracts green rays, and the 
third block (blue) subtracts red rays. Therefore, where- 
ever the three blocks print, one on the top of the other, 
we subtract red, green, and violet, which is our whole 
stock. Hence we leave the b6u:kground in our illustration 
without any colour (black). 

Our first block leaves the flower in white, which means 
red, green, and violet, but the other two blocks subtract 
the green and the red respectively, and therefore leave 
only violet to be reflected, as is seen in the complete 
picture at Fig. B. 

The leaves are left white by the seccmd Uock, but tha^ 
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other two blocks rob \hem of viokt And red raj's, leaving 
only green rays, as §eeD in the complete picture. 

The vase is left white by the third blocks but the other 
two blocks Fob the vase of violet and gteen rays, so th&t 
red alone is left to be reflected. 

Our picture is complete — a red vbsBj green l^ves, and 
a violet flower — hut what a very roundabout way of pro- 
ducing it I Why not simply print the vase red^ the leaves 
green^ and the flower violet ? It must be understood th&t 
this picture is merely explanatoiy ; no picture is so ideally 
simple as to contain only objects of the three primary 
colours. From Fig, C it will be seen how the three 
printing inks overlap and produce those colours, making 
in all six colours and black. But this is not all, for the 
half-tone blocks can vary the proportion of each colour 
and thus produce endless variety of shade. 

It will be remembered that the block made firom the 
photograph taken through the red screen does not merely 
record red objects, but also the red rays contained in any 
other compound colour, and so on. The infinitely com- 
plex variety of colour is first of all analysed into the 
three primaries. We then make these three records sub- 
tract the three primaries from white light in the required 
proportions to reproduce the original picture. The 
records could not be made by the hand of man ; it is 
only the great artist Light who can satisfactorily make 
these records by photography. 

The printer has to take great care that his second print- 
ing exactly overlaps the first, and so on. If there is any im- 
perfect overlapping of the blocks, the picture is imperfect. 

There is another point of interest about the dotted 
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PROCESS OF PRINTING 

blocks. If two pieces of fine muslin or net are laid one 
upon the top of the other there is produced a moir^ 
effect, such as is seen on "watered silks.'' The experi- 
ment is worth trying. If one of the pieces of muslin is 
turned round so that its threads are at an angle to those 
of the other piece, this moird effect disappears. If the 
block-maker took his three negatives through screens with 
the lines all lying in one direction he would be troubled 
with this moir^ effect when one block is printed on the 
top of another. He therefore uses different screens, on 
which the series of lines are at different angles to each 
other. If one takes a magnifying glass and examines the 
dots on the three-colour pictvu*e opposite page 146, one 
will see the lines of dots of each block have been at 
different angles. 

The majority of illustrations made by the three- 
colour process are reproductions of paintings, but many 
beautiful illustrations of still life have been made direct 
from nature. The three-colour process of printing is 
really the nearest approach to natural - colour photo- 
graphy. If our colour screens or filters for taking the 
three negatives were absolutely pure spectrum colours; 
and if our photographic plates could record and reproduce 
the exact proportions of the different coloured rays ; and 
if each printing ink could perfectly subtract its own 
primary colour and nothing else : then we should have a 
natural-colour photography. But we have three " ifs'' in 
the preceding sentence, and doubtless a few more might 
be added. It reminds one of the old nursery rhyme : — 

If ih and ans were pots and pans^ 

There'd be plenty of work for the tinker's hands. 




THREE-COLOUR 

The photographer, the block*iiiaker, and the manufaic- 
turer of printer's inks are already doing good work^ and 
without a doubt they will advance still further. 

Think of the advance already made by the three- 
colour process. In ordinary lithographic printing, some- 
times the printer ha3 oo(msion to use as many as twenty 
di Cerent atones or blocks in order to build up hjs coloured 
picture. I%ot<^aphy enables us to get every variety of 
c»Iour from three blocks, and the results stand head and 
shoulders above the older methods* 

What about the four-colour processes? The fourth 
block is usually printed in a neutral colour, or in black, 
and is merely to add depth to the pictare, or to try and 
neutralise some of the shortcomings in the combination of 
the other blocks. As far as we are concerned this is a 
technical detail, so that the subject does not interest us. 
Sufficient detail has already been given to enable us to 
appreciate the triumph of photography in colour printing. 



156 



CHAPTER XI 

PHOTOGRAPHY AND THE 
CRIMINAL 

Mialeading photographs— The crimiiuil*8 disguise— Novel use of a 
photograph — ^The use of photography by the police — An early 
photograph of criminals— The true use of the finger-print system 
— An amusing cartoon — Disguise defeated— The ** Kathleen 
Mavoumeen ** act— Method of taking the finger-prints- Detection 
by tell-tale finger-marks— Interesting cases — Photographic en- 
largements—Forged documents. 

PHOTOGRAPHY plays a very important part in 
the detection of the criminal. It is true that a 
photograph is often very misleading ; the portrait 
of one man might easily be mistaken for that of another. 
In the illustration facing page 118 we have portraits of 
three different criminals, any one of which might be mis- 
taken for the other. A portrait therefore cannot be used 
as a proof of identification. As a matter of fact, the 
photograph taken of a criminal at the time of his dis- 
missal from prison may have no apparent connection with 
a photograph of the same man taken a few months later. 
A good illustration of this fact has been given me by 
the authorities at New Scotland Yard, London; this is 
shown opposite page 108. 

In this illustration there are only five different men^s 
photc^raphs, but there are two photographs of each man, 
the pairs of portraits being distinguishable by the 
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manner in which they have been mouBtai It is a 
curiotis fact that the photographs in the lower row were 
all taken some time after those in the upper row. Take» 
for instanoe, the second man. His photograph shows 
him as an elderly geutlemao, with grey hair and grey 
beard. Wiien he fell again into the hands of the author- 
ities^ some twelve months later, his appearani^ was that 
of a much younger man, with black hair and black 
moustache, aa shown in the lower illustration. It would 
be quite impossible to identify these five m^n by means 
of their previous pbotographs. We shall see later how 
the finger-print system fs a sure means of identifi- 
cation, 

I recollect a case in civil life where a photograph was 
used in place of the name upon a postal packet. An 
amateur had photographed a regiment of soldiers as they 
left for South Africa at the time of the Boer War. The 
photograph turned out to be a very good one, and the 
photographer was sorry that he did not know any one in 
the regiment to whom he might address a copy of the 
picture ; indeed, he did not even know the name of the 
regiment. Ho adopted a novel method of addressing 
the packet containing some copies of the photograph* 
Selecting one of the men, whose face was very clear, he 
cut this man's photograph out of one of the copies, and 
gumming it to the front of the envelope, he simply 
addressed the packet: — 

" To (photograph). 

Serving in the Field, 

South Africa,'^ 
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The packet reached its intended destination in safety. 
No doubt the military authorities could tell the parti- 
cular regiment from the photograph shown, and those 
commanding the regiment were able to hand the packet 
to the man whose photograph was exhibited on the outer 
cover. 

Although the criminal may disguise himself, the police 
authorities continue to photograph their prisoners, and 
these portraits very often help them to lay hands on some 
one that is ^^ wanted.^ They take both a full-face portrait 
and a profile, and then place the two together on one 
card. At some police centres only one photograph is 
taken, but this shows the full face and at the same time 
the profile in a looking-glass in the picture. The effect is 
not so natural as that of the two separate photographs, 
and the looking-glass has been abandoned at head- 
quarters, two separate photographs being taken* 

Word may be sent to Scotland Yard from some distant 
town informing them that some mischief is being done, 
perhaps on a large scale. From the description of the 
methods adopted in the crime, the authorities may 
suspect that it is the work of one or other of a certain 
class of known criminals. The portraits of these sus- 
pected persons are looked out and sent down to the 
distant town, no mark whatever being put upon the 
photc^raphs. Inquiries are made in the neighbourhood 
as to whether any of those men in the photc^raphs have 
been seen going about. Perhaps quite a number of 
people recognise one particular portrait as being very like 
some one they have seen lately in the town. This helps 
to put the authorities on their guard, and will enable 
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the police to keep Us«ir #ye» upon the suspected 

persotu 

Then again the police in one district may want s p^rti- 
Gul&r criimiial, but he has fled the town. Copies of his 
portrait are sent oat to other centra, so that a look out 
is kept for the ^* wanted ^ oian. Every police eentre bssHt^ 
portrait " gallery ** or album, with the contents of which the 
detective seek to become familiar. The detectives have 
good memories for faces; that is part of their everyday 
business* Passing along a busy street, a detectiire 
observes a stranger whose face has been imprinted upon 
his memory by means of a photc^raph. He cannot tell 
for what or by whom the man is wanted, but he is so sure 
that he is wanted somewhere that he has the man arrested 
and taken to the police station. After lodging the man 
in a cell as a suspected person, the detective consults his 
"gallery^ of photographs. At first he cannot find out 
where the man is wanted. Several times he brings the 
man from the cell to compare him with some photograph, 
the prisoner submitting good-naturedly, " quite sure the 
detective has made a mistake.**^ At last the detective 
does find the portrait he wants, and on showing it to the 
prisoner he acknowledges that the game is up. The real 
criminal may be said to behave in quite a gentlemanly 
manner when he is cornered. Unfortunately he looks 
upon his crime as his business ; he tries all possible means 
to evade the police, but when he is caught and identified, 
then he has played his last card. 

In the illustration facing page 58 is shown the first 
photograph of criminals taken in Glasgow. This photo- 
graph has already been referred to in another chapter as an 
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AND THE CRIMINAL 

illustration of Soott Archer^s poeitives on glass. This 
photograph is made up in a little frame just as the 
daguerrotypes were, and on the back of the frame there is 
an inscription which reads : — 

" No. 1. James Martin Lindsay, dirty thief.^ 
No. 2. James Brown Cummings, pickpocket. 
No. 8. Peter Hasson, pickpocket. 
No. 4. John McCrae, tailor (associate of thieves)." 
Unfortunately there is no date upon this photograph, 
but there is no doubt that it was taken at least half a 
century ago. 

We have seen that, despite the unreliability of a 
portrait, photography does serve a useful purpose in the 
detection of the criminal. Even if the criminal has dis- 
guised himself considerably, there is often a drooping lip, 
a cocked nose, or some particular formation of the head 
which points the man out to the watchful detective. The 
proper value is thus put upon portraits by the police. 
They cannot bring forward a photograph of a person 
previously convicted, and say to the Court that the 
present prisoner is the same man as was convicted for 
another crime. This would be a dangerous practice. 
Some one might be willing to swear in all good faith that 
the two were the same person. There have necessarily 
been cases of mistaken identity in time past ; the inno- 
cent have suffered for the guilty. No one is more un- 
willing that this should happen than the police authorities 
themselves, and now with the modern finger-print system 

> The tenn ** dirty thief" is still a common one in the police force 
in Scotland. It signifies a low type of thief who would not hesitate 
' to use violence on all occasions. 

L l6i 



PHOTOGRAPHY 

they can conlideiiUy say that there remains no posstbiliiy 
of mistaken identificatioD. The public and the crimtoal 
may r^t assured that now no error can pcissibly be made 
in identiiytng a former criminalp 

First and foremost I would like to point out that the 
finger-print system is not primarily coni*emed with the 
detection of criminals by means of finger-marks aerident- 
alty left on articles which they have handled at the place 
of the crime ; that is merely a iide issue, and altogether a 
minor point. I remark this because I have heard it 
repeatedly said that the 6nger-print system is doomed 
owing to the fact that criminals may wear gloves and 
thus defy detection. 

An amusing cartoon was shown in one London joinnaL 
It depicted a youthful burglar, impatient at the time 
wasted by his older and more experienced employer in 
putting on a pair of gloves before starting to work. 
The youth taunts his master with becoming a " dandy ,^ 
whereupon the experienced cracksman tells the lad that 
when his finger-prints become as well known to the 
police as his own are, then the lad will take to wearing 
gloves also. 

Let the criminal wear his gloves; he will certainly 
leave no tell-tale finger-marks behind him. If perchance 
he is seen outside a building with gloves on, the local 
policeman will know what he is up to. In any case the 
authorities at New Scotland Yard will not be alarmed for 
their finger-print system. The real work of the depart- 
ment is for the identification of criminals. What the 
authorities profess to do is to take the finger-prints of every 
criminal passing through their hands, and at any future 
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time they will be able to identify that man or woman by 
again taking their finger-prints and comparing them with 
the pierious records. 

For instance, the Glasgow police catch a man at some 
mischief; it only happens to be a minor offence, but they 
8iiq>ect the man is not a first offender, although he is un- 
known to them. He says he is ** John Smith,^ and so on, 
but it really makes no difference what name he chooses to 
select, nor how cleverly he may have disguised himself, he 
can easily be identified. The Glasgow police take an im- 
pression of his finger-prints, and post these to the 
R^istrar of Habitual Criminals at New Scotland Yard. 
When the prisoner is brought before the magisiirate, a 
short remand is asked so that inquiries may be made con- 
cerning the prisoner. This enables the police to have 
Scotland Yard's reply. The reply received may be that 
the prisoner is not ^^ John Smith,'*' but ^^ Jeremiah Jones,'' 
who has a long list of previous convictions entered up 
against him. Indeed, his record is so bad, that instead of 
being treated lightly as a first offender he is sent to penal 
servitude, and rightly so, for it is quite evident that the 
man has no intention of trjdng to live an honest life. His 
only concern is to evade the police. It is obvious that 
bat for this Sj^stem of identification the man might have 
succeeded in passing himself off as ^^ John Smith," and 
might soon have been once more at liberty to practise his 
degrading crime. 

Not very long ago we were all shocked to hear of the 
terrible murder of a whole family of innocent people. 
Suspicion fell upon a man who had previously had some 
business transactions with the father of the family. The 

163 



PHOTOGRAPHY 

murder wsm of sudi an atrtidous imtuiB that it was 
evideDi \h&i it wa^ the work of some desperate dtaracter. 
The stutpecied perscuii howeTer, was otdy known as a 
quiet-li^iog person* His finger-printa were taken, and 
despite the fact that one finger oonld not be incloded is 
the recx)Fd owing to serious inflamaiation, the experts had 
no difficulty in tdentifjring the prisoner with a nmn who 
had previously undergone penal servitude, and who, while 
in prison^ had made a very desperate attempt to eaacape. 
The man was ultimately proved to be the guilty person. 

When the system of identification of criminals by 
finger-prints waa introduced into Australia a few year? 
ago, the act authorising its use was christened ^^ The 
Kathleen Mavoumeen Act'* by the criminal class. For 
the immediate effect of the Act was to drive the habitual 
criminals out of the country. The returns for the New 
South Wales gaols since the introduction of this Act make 
most impressive reading. The number of inmates was 
steadily reduced, month by month, and in less than two 
years the total number had decreased by about one-fourth 
of the whole. 

A large number of Australia's habitual criminals went 
across to New Zealand, where there was no finger-print 
system. There the ingenious criminal might succeed fix)m 
time to time in hoodwinking the police, and when caught 
still pass himself off as a novice in crime. The influx of 
these criminals was so great that New Zealand was com- 
pelled to adopt the finger-print system. 

By what means are the finger-prints recorded ? Not by 
photography, as some have supposed, although photo- 
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graphy does play an important part in the detection of 
criminals by tell-tale finger-marks. The method of 
recording finger-marks is really very simple. The prisoner 
is taken to a table upon which lies a flat metal plate 
covered with printer^s greasy ink. First of all the 
prisoner's right thumb is placed on the inked plate, and 
the thumb is then used as a miniature garden roller. The 
official in charge gives the prisoner's thumb a rolling 
motion, so that the whole front of the thumb comes 
in contact with the inked plate. In this way the thumb 
lifts enough ink to give a good impression of its ridges 
upon paper. A special form is provided on which a 
separate space is marked off for each finger. In making 
the impression upon the paper the thumb is given the 
same rolling motion, so that a record of all the ridges 
upon the front of the thumb may be obtained. This is 
called a *^ rolled impression.'*' Each finger is in turn 
roUed upon the inked plate and then an impression is im- 
mediately taken on the paper form. After the ten spaces 
have each received a rolled impression of the correspond- 
ing finger, there still remain two large spaces to be filled 
in. In one of these a ^^ plain impression " is taken of the 
four fingers of the left hand together. A plain impression 
is taken by merely laying the fingers upon the inked plate 
and then flat upon the paper form. The fotur fingers of 
the right hand are made to give a similar plain impression 
in the other space. The object of these plain impressions 
made simultaneously is to enable the expert to see that 
the person taking the rolled impressions has recorded eadi 
finger in the correct space allotted to it 

The record is now complete, but the authorities place 
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still ooe mare safeguard agaiost any possibility of ermr* 
If the records of several prisonem' finger-prints were 
being taken at one time, there tnight be a somewhat 
remote chance of the official mixing the papers before 
they were signed by the pfisgners. To make assurance 
doubly sure, the prisoner signs the paper as soon as tlie 
form is complete, and beneath his signature he gives 
another rolled impression of his right fore-finger. This 
may be compared with the impression of the same finger 
in the record. 

Imftgine a collection of the finger-pnnU of about one 
hundred thousand different criminals^ stored at Scotland 
Yard ! What a search when the record of *' John Smith "^ 
arrives to be identified ! There is no use in relying upon 
a name index, for many a criminars name is legion. 

It will be apparent that the value of the finger-print 
system will depend entirely upon the facility with which 
the multitude of records may be referred to. One of the 
paper forms with complete finger-prints arrives from some 
distant town. It gives the prisoner'^s ten finger-prints 
very clearly, but the chances are that the name given is 
an '* alias.*" How then is the registrar to begin a search 
among the thousands of records in his cabinets ? 

The classification of finger-prints introduced by Sir 
Edward Henry, the Commissioner of the London Metro- 
politan Police, is a most ingenious one, but as photo- 
graphy plays no part in this branch of the subject, we 
must pass it over. It may be of interest merely to note 
that the different patterns of ridges are divided off* into 
separate classes, described as whorls (circular patterns), 
loopsy arches, and composites (mixtures of the three former). 
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A definite numerical value is given to each whorl, accord- 
ing to the finger upon which it occurs, and so on. Any 
reader who is desirous of seriously following out the full 
method of classification will find the particulars clearly 
stated in Sir Edward Henry^s textbook upon the subject 
of finger-print classification. 

I was fortunate in seeing some records arrive at Scotland 
Yard for identification. One of the experts opened one of 
these and in an incredibly short time he put down all the 
values, etc, marking the form with its complete classifica- 
tion number. Looking at the figures, he went straight to 
a certain pigeon-hole in a certain row in the cabinet, and 
took from it a file or bundle of records. He then selected 
a certain sub-division, and taking this by itself he quickly 
ran over the handful of records in similar fashion to a 
hanker handling bank-notes. He soon came to the par- 
ticular number for which he was searching, and taking it 
out from the bundle, he laid it upon the table beside the 
record which had arrived by post for identification. 
Tliere could be no doubt that the two records were 
identical Ever so careful an examination could not 
diioover any difference. It is a matter of no moment 
whether or not the two records bear the same name. I1ie 
incoming record may be marked as that of ^^ John Smith,^ 
but it is perfectly clear that he is one and the same 
individual as ^^ Jeremiah Jones.'*^ 

The police authorities who have caught the man in 
■ome distant town are then informed of the man^s pre- 
vious record, and he is dealt with accordingly. If Scot- 
land Yard have the man's portrait, which very probably 
tliey have, they post this as well as the official description 
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of the man's person. Poor '* Jolm Smith** is fairly cor- 
nered ; he cannot by any possible means dbguise bis tell- 
tale finger-prints. 

The absolute reliability of the finger-print system 
depends upon the fact that the formation of these ridge 
patterns is unchangeable, and persists throughout a life- 
time* There will necessarily be a difference of siie 
between infancy and old age^ but the complex detail of 
the pattern never alteni in the least. Indeed, a person 
may be identified after death by means of the finger- 
prints, if a previous record baa also be«i taken. If 
Barneses II, the ancient king of Egypt at whose court 
Moses wa.«* brought up, had left us a record of his finger- 
prints, we could have identified his mummy even now. 

It sometimes happens that when a prisoner knows that 
his finger-prints are to be taken, he will rub the points of 
his fingers very vigorously upon the walls or floor of his 
cell, till he tears the skin and causes the fingers to bleed. 
As a rule he only damages the tips of his fingers, which 
do not come in contact with the paper record. Even if 
a criminal removes the ridges on his fingers by means of a 
fine file, it only requires a little time for the ridges to re- 
appear, and exactly the same complex design is again 
formed. Here is a true individuality ! The prisoner's 
appearance may be altered as much as he chooses ; time 
may make very marked changes in his features; the 
colour of his eyes may even alter ; his name may change 
with every day of the year; all these factors make no 
difference whatever in the modern means of identifying 
the man ; his finger-prints are even more unalterable than 
were the laws of the Medes and Persians. 
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The finger-print system was used in a somewhat 
modified form in the Indian Civil Service for many years 
before it was introduced into Great Britain as a means 
of identifying criminals. The Post Ofiice authorities in 
India found many cases of personation in connection 
with examinations for appointments. One man would 
obtain the doctor^s certificate, passing himself off as some 
other individual who meant to go up for the written 
examination, but feared it impossible to obtain a doctor^s 
certificate. This was put a stop to by the introduction of 
a simple finger-print system. 

It is quite possible that similar deceptions are practised 
in other countries. I know at first hand of one case where 
a man from a distant district got the local schoolmaster 
to go to the capital to pass a competitive examination 
in the name of the would-be applicant. Fortunately in 
this particular case the deception was discovered at the 
time of examination. 

In India it was found that at the death of a pensioner 
some relative had often succeeded in personating the 
dead man, and in this way the Government had been 
cheated, llie finger-print system soon put a stop to this 
deception, which neither a good recollection of faces nor 
photography could undertake to detect. 

We have seen how the finger-print system gives a sure 
method of identification, which cannot be claimed for 
pictures of the persons made by the camera. We now 
pass on to the side issue — ^the detection of the criminal by 
accidental tell-tale finger-marks, and it is here that pho- 
tography steps in and gives most valuable aid. 
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Much useful work has been and is being done in thiB 
direction, but it is obvious that its scope must be limited. 
If the criminal succeeds in wearing gloves during " busi- 
ness hours^"^ this branch of the work will certainly be cur- 
tailed, but i fihould imagine that the 'Uight*fingered 
gentry ^ would find gloves of any kind a serious handi- 
cap. 

On one occasion a burglar entered a London mansion, 
helped himself to what articles be desired, and, presum- 
ably catching sight of the uncleared supper-table, he 
drank a glass of wioe. On the glass the Uiief left two 
clear 6nger-print8, and by means of these the authorities 
at Scotland Y^aid were able to say that the thief was a 
certain notorious criminaL 

It is quite evident that two finger-marks do not give a 
complete index to the place in the cabinet where this p€ui:i- 
cular criminaPs record will be found. The search, however, 
is made possible by the fact that the very nature or 
method of the crime suggests certain criminals to the 
authorities. It only remains to compare the tell-tale 
finger-marks left by the culprit with the recorded impres- 
sions of all probable miscreants. 

To examine the faint marks upon the glass would be a 
rather hopeless task, but here the camera is called into 
play. A photograph is taken of the finger-marks. A 
very light powder may be dusted over the glass in such a 
manner that the powder will stick to the ridges and 
make the complex design more visible. At head-quarters 
this method of dusting on a powder has been abandoned, 
the authorities preferring to arrange the light falling upon 
the mark in such a manner that a good photographic 
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impression is obtained without the artificial addition of 
powder. 

It is wonderful how a faint image may be gradually 
built up into a strong one. Professor Reiss, of Lau- 
sanne University, has sent me a photograph giving a 
dear impression of the ridges upon the palm of a bur- 
glares hand The thief had touched the door of a room 
with the palm of his left hand, but the impression left 
was very slight, being, in fact, almost invisible to the eye. 
This faint mark was photographed, and the result was 
a rather weak negative. By making a second stronger 
nq;ative from this one, and from this a third and a 
fourth, a good strong negative was finally obtained. The 
final photograph shows all the detail of the ridges, and it 
served to identify the criminal. 

Another great value of photography in connection with 
finger-prints is that it provides a reliable method of en- 
larging the complex pattern to any desired size, so that 
the formation of every ridge in the pattern may be 
followed. The tell-tale finger-mark is photographed and 
then enlarged a thousandfold, so that not only every 
divergence of the ridges, but the very sweat-pores may 
be seen. Then the finger-print from the record of the 
suspected person is photographed and enlarged to exactly 
the same size. With these two enlargements before one 
there can be no possible mistake. Even a non-expert 
could say definitely whether or not these two photographs 
were identical. When the case is being submitted to a 
judge and jury the two photographs are marked ofl*, as 
shown in the illustration facing page 160. The left-hand 
photograph is of an impression found up<ni a piece of 
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glass, the fingra^mark haTing been EDotte by the burglar in 
entering some preaiiees^ ITie photogmph to the right 
hand is a similar enlargement of an impr^stafi taken 
from the criminal'B right fojne-finger. The straight lines 
drawn upon the two photographs indicate identical points 
in both, and the Court has no difficulty in accepting tiiis 
evidence, which proves the two finger-prints to have been 
made by the one finger. 

I am indebted to Uie luithorities at New Scotlani! Yard 
for these and the other illustrations in connection with 
this chapter. The photogmphs on the opposite pi^e were 
taken in connection with the well-known Deptford "Mask"* 
Murder ; the trial of this case was reported in T%e TlmeM 
(London) on the 8th of May, 1905. The first photo- 
graph shows the cash -box upon the tray of which a 
finger-print was found. The mark cannot be readily dis- 
tinguished in the small reproduction shown here; it is 
seen more easily upon the original photograph. The 
finger-mark is on the upright face of the tray to the 
right-hand side. A photographic enlargement of this 
finger-print is shown in the left-hand lower illustration, 
while a similar enlargement of an inked impression taken 
from the prisoner'^s right thumb is placed alongside for 
the purpose of comparison. Other evidence was brought 
forward and the criminal was proved guilty. 

In this case the tell-tale finger-print was only used 
to show that the prisoner had handled the cash-box, 
which had been found open at the scene of the murder ; 
it was not used as a means of discovering who the culprit 
was. 

It may be of interest to mention two other cases, of 
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FlNC.KR-PRINT FOUND ON CaSH-BOX 

The left-hand lower illustration is a photographic enlargement of the finger-mark 
found upon a cash-box left at the scene of a noted murder. The neighbour photo- 
n-aph i» of the prisoner's finger-print taken on paper. The general similarity is 
apparent. (See chap, xi.) 
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diflerent types, in both of which the tell-tale finger-prints 
did lead directly to the detection of the criminals. 

A burglar entered a house by removing a pane of 
glass from a basement window. On the glass taken from 
the window-frame were the imprints of a right fore-finger, 
right middle finger, left thumb, left fore-finger, and left 
middle finger. These were all imprinted in their natural 
sequence, so that the search was made a comparatively 
easy one. The glass was immediately taken to Scotland 
Yard, where it was photographed. The tell-tale finger- 
prints enabled the experts to look out the record which 
corresponded with these. There was not the slightest 
doubt that this criminal was the guilty person. Only a 
few hours elapsed after the police were informed of the 
burglary before the thief was located and arrested with 
the stolen property in his possession. He pleaded guilty; 
he could hardly do otherwise. No doubt he would be 
surprised that the police should "spot^^ him so very 
quickly as the man "wanted.** 

The other case to which I shall refer will show how a 
guilty person who is not a known criminal may be 
detected. A sealed packet containing bank-notes was 
sent through the post, and when it arrived at its destina- 
tion it was found that half of the notes were missing, 
although the packet had no appearance of being tampered 
with. When the packet was examined it was found that 
one of the seals had been remade, and the melted wax had 
taken the distinct impression of a thumb. Each person 
through whose hands the packet had passed was asked to 
allow an impression of his thumbs to be taken on wax. 
Tliere happened to be seven persons in all who had handled 
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the packet. The records taken of the thumb-printB we 
immediately photogmphed and then a set of larger photo- 
graphs made of thesev The tell*tale finger-print upon the 
»ea1ing-wajc was enlarged to the same size> 

A glance at the enlargements showed that five of the 
seven records had no resemblance whatever to the guilty 
mark. One of the two remaining records looked just at 
first aomething like the tell-tale Impression^ but on 
examlnatioti was seen to be quite diiTerent, The one 
remaining record, however, was unmistakably identical; 
every part of the complex pattern coincided with mathe- 
matical accuracy ; the guilty person had undoubtedly 
been detected. 

From the cases quoted we see that the tell-tale finger- 
prints may be left on glass, metal, paint, or sealing-wax. 
There are other cases in which the detection of the 
criminal has been possible from impressions left on paper, 
wood, ornaments, etc. We must not think, however, 
that any finger-marks or smudges are good enough for 
identifying the culprit ; there must necessarily be a clear 
impression of the ridge pattern, or the finger-mark is of 
no use. The police might cut out a piece of lead water- 
pipe, upon the painted surface of which some intruder 
had left some dirty finger-marks, but by a preliminary 
examination of these with the aid of a magnifying glass 
it should have been apparent that there was no impression 
of ridges at all. The fingers had merely been drawn 
across the pipe, and had not been firmly pressed upon it 
and then lifted. It would be asking too much of any 
expert to read these finger-marks; there is nothing to 
read. Some discretion must therefore be used in deter- 
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mining whether or not it is worth while cutting out bits 
of useful property which happen to have been handled by 
a burglar. A simple examination through a magnifying 
glass will show whether or not a record of the ridges upon 
the fingers has been lefL 

Hiere are other directions in which the camera has 
proved of service in detecting crime. When a man forges 
a signature he does not write it straight off without 
stopping, but does it piece by piece slowly, as though 
he were painting it If such a forged signature is photo- 
graphed and enlarged it shows every mark of the pen 
as it commences and finishes each stroke. The autho- 
rities at New Scotland Yard have made extensive use 
of phot(^raphy in detecting forged documents in this 
manner. 

I have also received some photographs from Professor 
Reiss, of Switzerland, showing how falsified documents 
have been detected. These photographs could not be 
satisfactx>rily reproduced by half-tone printing blocks, 
so I shall merely mention the facts relating to them. 

In one case a document was suspected of having been 
tampered with, but the eye could discern no alteration. 
When one part of the document was photographed and 
an enlaigement made, it was quite clear that the figures 
25 had been erased from the paper. 

In the second case the forger had added a tail to the 
letter **o^ so that it was converted into a **g.^ No 
addition could be detected by the eye, but the enlarged 
photograph distinctly showed that this tail of the ^^ g ^ 
was quite different from all the rest of the writing. 
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PHOTOGRAPHING THE INVISIBLE 



Fox Tftlbot wid tnrlsible niys — An oi^xunf portrait UHketk in totil 
/faFlriu^M — photographic senaatioD in IW9A— Curious ideas i!iotK!efii- 
ing the new pfaotography— A demonstraBon with the fluciraaoeiit 
Bcreeo^Soft and ha^ tubes — Some frxpehtnents witli a camcm^ 
Why DO camera is fequired — Why the fluorescetit scroexi must be 
uaed in the darJc — Subjects that can be " X-ray cd ^' — An Impoft* 
0ible CAM — A vi&it to a targe hospital — Tbe applicaticms in practice 
— ^An unerring witness^ Further appUcations— Etouble photo= 
graphs versus single ones — Risk of burning— Imitation gems. 

THE title of this chapter may seem rather mys- 
terious ; I hasten to assure the reader that it has 
no reference to any attempt at spirit photography. 
I am not a believer in ghosts, excepting the old-fashioned 
spectre with his turnip head. 

It is remarkable that we are able to photograph things 
which are invisible to our eyes, and yet we shall find that 
the idea of doing so is almost as old as photography 
itself. 

In the earlier part of this volume I had occasion to 
refer repeatedly to Tlie Pencil of Nature, published by 
Fox Talbot in 1844. This contains one very curious 
chapter, or part, relating to invisibk rays. Any one who 
has access to a copy of The Pencil of Nature will find this 
part under the title " Scene in a Library."' I made men- 
tion of this part in an earlier chapter, remarking that 
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the scene in a library consisted of two shelyes of books 
taken at dose quarters. Talbot issued The Pencil of 
Nature in parts, giving with each portion as it was pub- 
lished an original photographic print The text of each 
part usually had special reference to the subject of the 
picture accompanying it. But as there could not be 
much to say concerning two rows of books, from a photo- 
graphic point of view, it is not surprising to find that 
the text of this particular part has no reference to the 
plate issued with it I think it will be of general interest 
to give this part in Talbot^s own words : — 

^ Among the many novel ideas which the discovery of 
photography has suggested, is the following rather curious 
experiment, or speculation. I have never tried it, indeed, 
nor am I aware that any one else has either tried it or 
prcqposed it, yet I think it is one which, if properly 
managed, must inevitably succeed, 

** When a ray of solar light is refracted by a prism and 
thrown upon a screen, it forms there the very beautiful 
coloured band known by the name of the solar spectrum. 

'^Experimenters have found that if this spectrum is 
thrown upon a sheet of sensitive paper, the violet end of 
it produces the principal effect: and, what is truly 
remarkable, a similar effect is produced by certain invisible 
ragf$ which lie beyond the violet, and beyond the limits of 
tlia spectrum, and whose existence is only revealed to us 
fay this action which they exert. 

''Now I woidd propose to separate these invisible rays 

firom the rest, by suffering them to pass into an adjoining 

apartment through an aperture in a wall or screen of 

partition. This apartment woidd thus become filled (we 
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must Eiot call it Shamnakd} «ith ttiTts bte nys, wliidi 
might be vmttared in iJl dtreetitaiA by a ccmirex leffli 
placed behbid the apotore. If there vere a number of 
persons m the rocMn, do Que woald see the other ; and jet 
uevertfaekfla if a cannrm were 00 placed ^ to point in the 
directioti in which aaj coEie were standing, it wookl take 
his portmit, and reveal bia actioiifl^ 

** For, to use a mcftaphor we have already employed, the 
eye of the camera would me plainly where the human eye 
would ^ind notbiog but darkness. 

** Alas I that this speculatioD is somewhat too refined to 
be introduced with eSect to to a rooderci novel or romance; 
for what a dhumetnad we should have, if we could suppo^ 
the secrets of the darkened chamber to be revealed by the 
testimony of the imprinted paper.*" 

ITius wrote our illustrious Fox Talbot, who was not 
only an inventor, but a very learned man. I think the 
suggested arrangement will be quite clear to all. A beam 
of light, in an otherwise dark room, is to fall upon a 
prism of glass so that a spectrum is formed. This prism 
is to be so placed, against a dividing partition of a second 
dark chamber, that only the dark part of the spectrum 
will be opposite an aperture in the partition. Tlie 
coloured bands of light are thus prevented entering the 
inner darlf chamber. The invisible rays which affect a 
photographic plate do enter, and it is suggested that a 
photograph might then be taken in the ordinary way. 
The idea is curious ; that one should sit in a totally dark 
room to have one's portrait taken, Talbot believed that, 
"if properly managed, it must inevitably succeed.^ I 
have made a search to find if any person has ever had an 
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actual portrait taken in this way. I have been very much 
interested to learn that such a portrait has been taken 
by Mr. Edgar Senior, of the Battersea Polytechnic. A re- 
production of this is shown in the illustration opposite 
page 196. The soiurce of the dark rays was an arc lamp, 
and all the visible radiations were cut off at the lens by 
means of special screens invented by Professor R. W, 
Wood. The exposure was five minutes. 

Most of us will remember the sensation caused in 
the opening days of 1896, when it became known that 
Professor Rontgen, of Wurzburg, had actually photo- 
graphed the living skeleton of the hand, etc. The very 
weirdness of the subject fascinated us. Many people, 
believing that the photographs were taken by a camera in 
the usual way, spread fantastic ideas abroad. I remember 
seeing some pictures drawn by students in the University 
of Glasgow to represent the new photography. One 
picture in particulilr I remember ; it was of four skeletons 
sitting in life-like attitudes around a small table, smoking, 
drinking, and playing cards. One even heard, at the very 
outset, that the photographer did not require to be in 
the room at all, for his apparatus would work, with per- 
fect ease, through stone walls, and so on. 

For oiur present purpose it does not concern us how the 
Rontgen rays are produced; I have dealt already with 
that subject in some detail in one of these Romance 
volumes — The Romance of Modem Ekctricity — ^and else- 
where. It will be sufficient to remark here that we 
require a battery or other source of electric current, an 
induction coil to increase the electric pressure, and a 
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gpectally constructed vacuum tube — known as an X-raj 
tube. When the current is turned on, we get X-rap 
thrown off from a little metal target in the tube. 

If we were to bring an unopened box of ordinaij 
photographic pktea within the field-of-action of the X-ray 
tube while at work, we should find that the plates were J 
all foggt;d^ just as though they had been exposed to day- 
light. If a photographer were asked to develop thi^e 
plates^ not knowing what had happened, he would say 
that light had got at the plates and completely spoilt 
them. It will be clear, therefore, that these mysterioa^ 
X-rays havt: similar actinic or chemical properties to 
ordinary light ; more than that, they can pass through 
the light-proof box containing the plates. 

If one wanted to explain to some country cousin how 
an ordinary photograph is taken, one might get the 
friend to look upon the ground -glas.s focussing screen of 
the camera and see there the inuige of the objects to be 
photographed. One would then explain that, in order 
to take a photograph, the ground-glass screen was re- 
moved and a sensitive photographic plate placed in its 
stead. The image would then fall upon the chemicals on 
the plate and cause a chemical change to take place. 
When the plate is developed it will give a record of all the 
variety of light and shade that fell upon it. 

To explain how an X-ray photograph is taken, the 
best plan would be to take a fluorescent screen and let 
the country cousin see that when the X-rays fall upon it 
they cause the whole screen to fluoresce or become 
luminous. Where is the camera ? A camera is of no use 
with these rays ; they would not be focussed by a lens, 
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and they would defy the light-proof body of the camera, 
passing easily through the wood and leather. In taking 
an ordinary photograph, we allow light to fall upon the 
object of which we desire to take a pictiure. The light 
is reflected by the object, passes through the lens of the 
camera, and falls upon the sensitive plate. 

Suppose we try to photograph an object by the X-rays 
in the same manner as we do by ordinary light. What 
will happen ? We let the X-rays fall upon the object ; 
they are not reflected back to the camera; they go 
right through the object. What! through the human 
body? They do, but they meet with some resistance. 
The clothing ofiers very little resistance ; the flesh is 
slightly more opaque to the rays, the bones more so. 
The rays are not reflected like rays of light, so we may 
dispense at once with the idea of a camera. How, then, 
are we going to get a photograph ? We must go to the 
back of the object, and catch the rays there after they 
have passed through the body. As already suggested, we 
shall understand the matter better if we, in the first in- 
stance, use a fluorescent screen in place of a photographic 
plate. 

We set the X-ray tube to work, placing it in front of 
us. We then let the invisible rays fall upon one of our 
hands; we see nothing. We then place the fluorescent 
screen with its coating of fine crystals between us and the 
hand. The screen is a simple wooden frame, upon which 
is stretched a piece of paper carrying on the one side the 
coating of crystals, and on the other side a lining of 
black cloth or paper. We turn the black back of the 
screen to the X-ray tube, place the hand right against 
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iht hmA of die wmm. mai tla 
tiKdMflDcsilf OB die fini of «fe 
tbe fajvwe gettiiig t lim ii gl i tke fl 
no greiii r? riitinrr ; dme k oohra 
«i dftote pwto. Tbe boiKs, 
opoqae, fo diai we wet ibem 
diodovx, IRie nijiy getliug dnoogli i 
jointy came escfa joint to stand oat vui iliii iiw tly. We 
fisfther otwrve diat die eflcct k not tlist of m flat 
nbadow ; the bones mlly appear rounded. TUs eflect ii 
prodooed bjr tbe rajs getting more easilT tbrongfa die 
(rides of tbe bones than tbron^ tbe tbkkcr oentres. 
How rerjr distinctly a ring opon the finger b seen ; it is 
not only much blacker than the bones, bat the complete 
circle of the ring is clearly seen. We are seeing part of 
the ring throu^ the bone. Here we have a most osefid 
property of these rays: we can see through and throogh. 

As I have already remarked — we have almost ceased to 
wonder at these facts. But here comes a well-ediicated 
lady who has never happened to see an X-ray apparatus 
at work. We ask her to place her hand and forearm 
behind the screen, but she shrugs her shoidders; she 
would rather see some other person^s skeleton. We place 
l)ehind the screen, unopened, a small hand-bag, which she 
happens to have with her. We see that she has been 
shopping, for there is a small photograph frame with 
metal ornamentations at the comers. Behind this again 
we see a small case containing various sizes of scissors, etc, 
and in one comer of the bag is a packet of pins. At the 
bottom of the bag is her purse, the contents of which are 
clearly seen. The lady is very much amused at the idea 
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of seeing what is in her purse, while it not only remains 
dosed, but is further secluded inside her hand-bag. 

After seeing some other person^s bones, the lady is quite 
pleased to view her own hand and forearm. She has not 
quite caught the meaning of the experiment, for she is 
about to take her glove off, when we tell her that the 
X-rays laugh at trifles such as gloves. There are the 
buttons of the gloves, the rings on the fingers, and a 
wrist bangle which appears as a continuous hoop, although 
it encircles the arm. But what amuses oiur friend most 
is that every hook on the sleeve of her blouse is perfectly 
distinct, although she has a thick winter jacket on the 
tofp. There is a pin apparently in the outer jacket, and 
there above the wrist are some buttons of her outdoor 
jacket. These buttons are at the back of the arm, so 
that they are being seen through the bones. What a 
{Hty Charles Dickens could not have lived to see this ! It 
will be remembered how in his Christmas Carol he makes 
old Ebenezer Scrooge see the ghost of his late partner, 
Jacob Marley. As Scrooge looked the phantom through 
and through he could see a chain of cash-boxes, keys, and 
padlocks, completely encircling the ghost's waist ; just as 
we see the lady's bangle completely encircling her wrist. 
But listen to what Dickens says further, concerning 
Marley's ghost: "His body was transparent; so that 
Scrooge, observing him, and looking through his waistcoat, 
could see the two buttons on his coat behind."' Little did 
Dickens think, when he penned these words about Mar- 
ley's ghost, that they would become literally true. 

If we place a cage containing a rabbit behind the 
screen, we can see the whole living skeleton moving about. 
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If we try a cage of mice or white rats, we must have a 
tube which will not give too penetrating rays, or we 
shall see through the bones and all, and only have a very 
faint shadow upon the screen. The chief factor in deter- 
mining the penettative power of the rays is the degree 
of exhaustion given to the vacuum tube. If the tube has 
a low vacuum, the air not having been exhausted to the 
greatest possible extenti then the electric cttrretit will 
pass more easily through the tube, but the rays produced 
will not be so penetrative* A tube of this description is 
called a mjt tube- Ifj on the other hand, the tube has 
a high vacuum, the current has more resistance to over- 
come, the rays are more penetrative, and the tube is known 
as a hard ttibe. 

I have purposely gone into some detail with the 
fluorescent screen, as it enables one to grasp the photo- 
graphic part more easily.^ 

It would, of course, be possible to place a camera in 
the position from which we have been viewing the 
fluorescent screen, and then take a photograph of what 
we see upon the screen, lliis would not be an X-ray 
photograph; it would be a photograph of an X-ray 
screen with an image upon it. More than one experi- 
menter did try this in the early days of X-ray work. I 
remember one local experimenter finding on his first nega- 
tive, not only a picture of the screen with the skeleton of 
the hand upon it, but also an image of the front of his 
camera. He was attempting to focus the ordinary light 

^ This seeing of the bones upon a fluorescent screen was really 
prior to the new photography. Recording the image upon a photo- 
graphic plate was a later achievement by Professor Rontgen. 
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from the visible image on the screen, but it was evident 
that X-rays were also getting at his photographic plate. 
Hie fluorescent screen with its surface of chemical 
crystals was not stopping all the X-rays falling upon it. 
Some rays passed through the front of the camera, and 
therefore left upon the sensitive plate a shadow or shaded 
image of the front of the camera. This difficulty was 
overcome by placing a sheet of lead over the front of the 
camera, leaving only the lens unprotected. The light 
emitted by a fluorescent screen is not very bright, so that 
an exposure of some minutes was required. In any case a 
camera was only going to give a reduced size of photo- 
graph of the screen, and this is no advantage. 

If we look upon the fluorescent screen as being analo- 
gous to the ground-glass focussing screen in a camera, 
then we at once see the simplest method of taking an 
X-ray photograph. Follow the method in ordinary 
photography; remove the focussing screen and place a 
photc^raphic plate in its stead. The image will then fall 
upon the sensitised plate. The analogy may at first seem 
somewhat deficient because of the absence of the camera 
in X-ray work. But in ordinary photography the camera 
is merely a dark box in which to expose the sensitive 
plate to the action of light falling upon it. The camera 
may be a cigar box with a pinhole in it, or it may be a 
darkened room with a hole in the window-shutter. In 
X-ray work it is more usual to have a darkened room as 
the camera, and in this case the source of the radiations 
(the X-ray tube) is inside the camera. Another plan is 
to form a small dark chamber in which the observer can 
sit or stand with the fluorescent screen, while the patient 
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to be eitamined and the X-ray operator with his app^ 
ratus arc not in the dark at all* The patient stands 
agaiost one of the walls of the darkened chamber, so that 
the observer can plac^ the fluorescent screen immediatelj 
behind the part to be examined. The observer csould 
then substitute a photographic plate for the IttminouB 
screen, and in this way take an X-ray photograph. But 
looking upon the darkened chamber as a camera, what 
purpose is it serving as far as our X-ray photograph is 
concerned ? There is no focussing required ; we merely 
place the photographic plate immediately behind the 
object to be photographed. The camera is therefore 
only a darkened chamber for holding the sensitive plate. 
A black paper envelope will therefore serve the same pur- 
pose. All we need to do in taking an X-ray photograph 
is to enclose the photographic plate in a light-proof 
envelope and place this immediately behind the part to 
be photographed, the object therefore coming between 
the X-ray tube and the plate. X-ray photography is 
therefore carried on in the light, the dark camera being 
the black envelope enclosing the plate. 

It is, of course, necessary to have a darkened room 
when using the fluorescent screen. If one looks at the 
clear sky in bright daylight, one does not see the light of 
the stars because of the stronger sunlight. If one looks 
up a disused factory chimney, one then sees the stars even 
in bright daylight, because the eye is shielded from the 
direct light of the sun. In the same way one cannot see 
the image upon the fluorescent screen because of the 
brighter light in the room ; the room must therefore be 
darkened, or the observer and screen must be enclosed in 
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a dark chamber. This latter method is very useful when 
children have to be examined, for the quick hum of the 
induction coil and the peculiar phosphorescent light in 
the X-ray tube are rather alarming to a child in the dark. 
It is also of advantage to the electrician to be able to see 
his apparatus 

Referring again, for a moment, to the attempts to 
photograph the image upon the fluorescent screen with 
an ordinary camera, I recollect seeing the results, of some 
experiments made with the cinematograph. A frog^s 
Iqp were mechanically moved behind a fluorescent screen, 
and the cinematograph camera recorded the movements 
as seen upon the screen. The idea was to show the action 
of the joints, but the results were not encouraging, the 
illumination being very deficient. 

Returning to the simple method of direct X-ray 
photography, it will be of interest to see what can and 
what cannot be photographed. The largest field is in 
photographing the bones of the human body, but many 
of the internal organs may also be seen and photographed, 
with properly adjusted apparatus. 

A paralysed gentleman paid me a visit recently to ask 
if I could take an X-ray photograph of his head, to try 
and locate in what part of the brain the seat of his 
injury lay. He had been reading of some wonderful 
surgical operations made upon the brain, and he very 
naturally desired to know if nothing could be done in his 
case, which had been the result of a simstroke. While 
one side of him is paralysed and the power of speech is 
lost, his sense of hearing remains perfect and he is as 
clear-headed as ever. I explained to him that while it 
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was possible to photograph a bullet or other piece of 
metal lodged in the head^ it was impossible to photograph 
the soft tissue of the brain, which is completely enveloped 
in the much more opaque bone. By way of illustration I 
pointed out that we could photograph a piece of metal 
eti closed in a wooden bosCj but that we could not photo- 
graph a piece of wcx)d placed inside a metal box ; the 
metal being more opaque than the wood. 

What will be of most interest to the general reader is 
to know exactly what sort of photographs are being taken 
with X-rays in everyday life 

First of all let us, in imagination, visit one of our laige 
ho&pitalsp Here we find couches specially arranged for 
taking photographs of any part of the body. In one 
arrangement the X-ray tube is supported above the 
couch, so that the photographic plate must be placed 
beneath the patient. The photographic plate is slipped 
in below a parchment window, at the centre of the couch, 
and in this way the plate is brought close up to the 
patient. 

Some operators prefer to have the X-ray tube beneath 
the couch, the tube being then supported in a little 
carriage or truck, which may be moved into any desired 
position. In this case the photographic plate is placed 
upon the top of the patient. The patient will lie face 
downwards on this couch, instead of lying upon his back, 
as he would do on the couch shown in the illustration. 

One advantage in the couch with the tube beneath it 
is that the operator, having the photographic plate on the 
top of the patient, may lay a fluorescent screen on the top 
of the photographic plate, and thereby see that the tube 
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is giving a good image. When the operator is going to 
UK the viewing screen during the time of exposing the 
plate, he must not use photographic plates made of lead 
glass, for it is opaque to X-rajrs. Other glass will allow 
the rays to pass through the plate and cause the screen to 
fluoresce, and at the same time record the image on the 
sensitive plate. 

What advantage is to be gained by watching the image 
on the screen while taking an X-ray photograph ? The 
operator can see how his X-ray tube is behaving. He 
knows that the exposure for a certain tube should be 
about two minutes, but tubes sometimes vary very much 
during use. If the operator sees by the screen that the 
rays are falling off in intensity, or, on the other hand, 
becoming too penetrative, he can regulate the electric 
current accordingly. He may also lengthen or shorten 
the time of exposure if necessary. . 

What sort of photographs does the X-ray operator 
get? Excellent pictures of the bones of the human 
body, such as seen in the illustration opposite page 180. 
If the reader has only seen photographs of the bones, I 
fear that his first impression, upon seeing a collection of 
photographs of other parts of the body, would be that 
they are very poor affairs. They certainly are not much 
to look at from a pictorial point of view. There is an 
absence of the clearly defined lines seen in an X-ray 
photograph of the bones, for we have not the same differ- 
ences of opacity. If one has expected to find an X-ray 
photograph of the heart to be anything akin to the 
illustrations of that organ, as shown in books on phy- 
siology, then one wiU be sorely disappointed. One only 
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Gnth m dull givj Mid rwlhar indduiite mmss. Yet tl ii 
pofi^ble to looilc an csilargi^d Uood-^i^sseU Itnaim mt m 
aiieurisnL This is of great lioportjuice, as the foUoarngl^ 
case wiU testify. | ^ 

A medtcaJ fnend bad a cue aent to hira in eonnecUon 
with the Workmen^s Compensation Act of Parliament 
^ There was a dispute aa to whether or not the workman 
had an aoeurism ; the doctors diflered. The X-iaj 
photography however^ showed clearly that na aaetmsm 
was preietit, aod its testimony could not be disputed. 

Enlargeioeiit and displacemeot of the heart are easily 
detected by the new photography ; and while the photo- 
graphs are not pictures, they are of much value to the 
medical man. Without going into surgical details^ I may 
merely mention that cases of tubercular lungs are photo- 
graphed to advantage. The surgeon may also find 
whether cancer has merely affected the soft tissue or 
has attacked the bonea. 

Another very important subject of X-ray photography 
is stone in the kidney. It is sometimes very difficult for 
surgeons to tell from the symptoms whether this troublo 
really is present or not. The X-ray photographer makes 
matters quite clear, showing how many, if any, of these 
bodies are present. To the ordinary person these photo- 
graphs would appear at first as the result of fogged plates 
with some darker markings upon them. There is so little 
difference in the opacity of the organ itself and these 
aggregations of salts, that the whole photograph looks 
like a dull grey indefinite mass. In order to illustrate 
the great utility of these photographs 1 may mention the 
following case. 
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A medical friend, who has had a large experience in 
such cases, had a patient brought to him in whom the 
symptoms seemed very decidedly to show the presence of 
this trouble. My friend took several photographs, and 
said that there were no foreign bodies present in the 
kidney. The patient, however, was quite positive that 
stones did exist, although the X-ray photographs failed 
to detect them. He was so certain that he insisted upon 
the surgeons performing an operation. The surgeons had 
to carry out the patient^s wishes, but on operating they 
found that, despite all the symptoms, there were no 
stones present ; the X-ray photographs were confirmed as 
truthful witnesses. One X-ray photographer informs me 
that, as far as he knows, he has never yet had a case of a 
mistaken photograph. He has never sent a case to the 
surgeons saying that the trouble was present when it was 
not found to be so upon operation. 

As already indicated, the largest field of service for 
X-ray photography is in connection with the human 
framework. Many eminent siu*geons will not operate 
until they see a photograph of the injured bones. Not 
only are fractures clearly shown, but also malformation 
and parts affected by disease. The surgeon may also see 
how the fractured bones are setting. This is a great 
boon. It enables the surgeon to examine a troublesome 
fracture which he has previously set without requiring to 
remove the splints, etc. In cases of fractured arms, some 
surgeons in private practice get their patients to call and 
have the injiured limb photographed each day while the 
aim is setting. 

The use of X-ray photographs for detecting pieces of 
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metAl to the body has ftlreftdr been referred tow A child 
swallowm a cotn, and the X-rmj photagraph at once 
detects the mtnidcr. Not only does it tell whether the 
coin has sttick Id the gullet or passed into the stomach, 
but it showB the exact position in which the coin has 
lodged- la the case of a child swallowing a coin, it ii 
usually suffident for the X-niy operator to esamine the 
patient with the fluorescent screen, and merely note down 
the position of the coin for the smgeon without taking a 
photograph. When, however, a child swallows a toy 
bicycle or performs some other extraordinary feat, it is of 
importance to be able to give the surgeon a photograph 
to have beside him while operating* In the case of a 
coin, there ia no operation further than fishing the in- 
truder out with a coin-catcher. The London Hospital 
did have a case of a little girl of four and a half years 
who swallowed a toy bicycle of considerable dimensions. 
With permission of the hospital authorities I used this 
photograph as the frontispiece to my Electricity of To-day, 
In time of war it is also of great service to the surgeon 
to be able to locate the exact positions of bullets in the 
Ixxiy. 

Perhaps the best known of all the uses of the X-rays 
is the detection of broken needles in the hands. Before 
the days of the new photography it was a very trouble- 
some operation to remove these intruders. Even with 
good X-ray photographs it is not an easy task if the part 
of the needle happens to be small, and if it has only tem- 
porarily lodged in a place from which it can be easily 
moved along. The wanderings of a broken needle 
within the body are strange indeed, and it is in the 
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locaiifig of the needless whereabouts that the X-rays are 
sousefuL 

X-ray photographs are taken to locate small particles 
of metal in the eye. By taking two photographs, with 
the tube in different positions, it is possible to calculate 
the exact depth at which the foreign body is lodged. To 
emphasise the Importance of these double photographs, 
I may state one case of which I know at first hand. A 
workman, having got a small piece of brass into his eye, 
had it X-rayed in the ordinary single-photograph method, 
but on operating the surgeon could not find the speck 
shown in the photograph. Later on he had it X-rayed 
by the douUe-photograph method ; the depth at which 
the object lay, and its exact position, were then calculated. 
The surgeon was able now to locate the miscreant, but 
unfcurtunately it was then too late to save the eye. 

It must be clear to all that X-ray photography is 
of very great value to the surgeon. Even the dentist 
occasionally calls this new photography to his aid. He 
may place a small photographic film inside the mouth, 
and use an ordinary X-ray tube outside. In this way he 
can photograph the roots of teeth in the jaw. 

One hears a great deal about the danger of the X-rays 
^burning" the flesh. There is, unfortunately, this dis- 
advantage, but it concerns the operator very much more 
than the patient. The patient runs practically no risk 
now in the hands of a qualified operator. The man who 
is continually working with X-rays, however, runs con- 
siderable risk, but it is fortunate that the X-ray operators 
are willing to expose themselves to this risk* 

This risk of ** burning^ is almost entirely absent finom 
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the practice of X-mj phoiographj. It is only wheo 
very long exposures have to be made for oiimtive parpo«e» 
that there b any real risk. In tb^e therapeutic cases 
every precaution is taken by using lead glass shields for 
the tubes, leaving only a sin^ window for the rays to 
pass out by and attack the diseased part, 

A medical friend showed me some special gloves whidi 
were sent to him as being proof against X*rays, Whai a 
photograph was taken, however, of the protecting glove 
with a hand inside, the negative showed that the glove 
was not opaque to the rays. The skeleton of the hand 
was observable upon the photographic plate, which wouM 
not have been the case had the gloves been impervious to 
the rays. 

The surgeon may learn much by taking photographs of 
the different joints of normal bones. By a series of photo- 
graphs of the joints in different positions, he is able to see 
exactly how the bones forming each joint are moved. 

There are other uses to which X-ray photography may 
be put, such as the detection of imitation diamonds, 
rubies, etc. In the illustration opposite page 180 a real 
diamond ring will be seen on the first finger, the real 
stones being quite transparent, and on the middle finger 
is one with imitation diamonds, the stones being opaque. 
The difference is very marked. We might have two ruby 
rings, so like each other that no one but an expert could 
distinguish them, but an X-ray photograph would show 
the real rubies to be transparent, and the imitation ones 
of coloured glass to be opaque to the rays. 

In the photograph of the lady's hand and forearm, it 
will be observed that the sleeve of the outdoor jacket is 
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scarcely visible; only its fancy metal buttons have been 
recorded. The hooks are on the sleeve of the lady^s 
blouse, and look rather strange without their accompany- 
ing eyes. The eyes were made of thread and so do not 
appear. The complete bangle encircling the wrist shows 
at one part through the bone of the arm. The glove 
buttons are seen, and what is very strange — the silk 
sewing upon the back of the glove. This I presume 
is due to the dyer having added lead to his dye in order 
to wei^t the silk. 
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CHAPTER Xin 
MORE INVISIBLE RAYS 

AH Hgtit ifi invMbk — ^Pbotogr&iihjr diac^arefs ultra- rtalet light — A 
pumled photogiapber — A jpcat boon to iuffeiin^ man — -Pboto- 
gTmi^ing an invisible iiiscri|>tioD— Ultts-vkilct mjs versufi X-fsfi 
— PhotOfgraptiy diflcovcn ao unknown propcfty of t«***t^^ — j^ 
historical experfmcot— Eadio^actkrity— Some iiitere«tiiiK oeg^lvts 
— Au ouui^ng uiciriikiit — Some points of interest. 

IN the preceding chapter we have considered photo- 
graphy by means of X-rays. These are not the only 
invisible rays which affect a photographic plate. 
Some of us were taught at school that all light is in- 
visible. Of course it is ; we cannot see the ether, and 
therefore we cannot see any motion or vibration of it* If 
we could do so, we should then see light at night iime 
far out in the universe, beyond the shadow of our earth. 
Light is passing out from the sun to the other planets 
through the dark space which we see encircling our globe 
at night. We do not see this light. It is only when the 
ether waves, called light, enter our eyes that we have 
the sensation which we recognise as due to light. TTiis 
light, may come direct from its source to our eyes, or 
it may fall upon some object and then be reflected to 
our eyes. We do not see the light itself; we may see 
the source of light. When we speak of invisible rays, 
however, we simply mean rays which do not affect our 
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sense of Tisiaii. It will therefore be understood that 
while all light is invisible, we may still use the words 
invisible rays to describe those rays to which our eyes do 
not respond. 

In the beginning of the preceding chapter we saw that 
when a beam of light was pajssed through a prism and 
then allowed to figJl on a photographic plate, there was a 
darkening of the plate beyond the range of the visible 
spectrum. The photographic spectrum was much longer. 
It is clear that these rays outside of the visible spectrum 
are not what we term light, and yet they must be con- 
tained in ordinary light, for we have nothing but a beam 
of light passing through the prism. These invisible rays 
are called uUra-vioki lighi^ and we can easily assign them 
their proper position in the photographic spectrum if we 
remember enough of our school-day Latin to know that 
vUra means beyond. These rays are beyond the violet 
end of the spectrum. 

It is only natural to ask if there are any invisible rays 
at the other end of the spectrum below the red. The 
photographic plate would seem to answer in the negative. 
Indeed, an ordinary photographic plate will not be 
aflected by any part of the spectrum below green. It 
was this fact which suggested to photographers that they 
might carry on their developing processes with the aid of 
a red or orange light, instead of working away in total 
darkness as they had previously done. 

We have already seen that special photographic plates 
can be made which are sensitive to all colours, otherwise 
colour photography would be impossible. That is to say, 
we could not get a black and white recoid of red and 
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yellow colours unless the photographic plate were sensitive 
to these rays^ If an additioti of an aniline dye^ a pro- 
duct of coal tar, i^ made to the chemical compos^ition cm 
a photographic plate, it becomes not only sensitive to all 
the visible spectrum, but it reveals invisible rays below 
the red. These invisible rays are caUed infra-rtd^ signify- 
ing that when a beam of light is analysed these rays are 
found below the red end of the spectrum. The photo- 
gmphic spectrum therefore stitches out beyond both ends 
of the visible spectrum^ and measures about eight times 
the length of the visible spectrum. 

These infra-red rays will, of course, take no part in 
ordinary photography , while the ultra-violet rays will do 
so. ITie ordinary photographer may be quite unaware of 
the presence of these ultra-violet rays. I remember, how- 
ever, an occasion when these rays played a trick upon a 
friend. He was photographing a black and white draw- 
ing made by an artist, but when reproduced the whites of 
the drawing came up impure ; they looked more like grey. 
At first my friend was somewhat puzzled, but it occurred 
to him that the artist must have happened to use some 
white paint which absorbed ultra-violet light. The 
photographer was using an arc lamp to light up the pic- 
ture, and though this light is rich in ultra-violet light, the 
white paint did not reflect these rays back to the plate, 
while a piece of white paper would do so. The conse- 
quence was that the whites appeared dirty in the repro- 
duction. Had the photographer asked the artist to paint 
the picture again with another white paint, the artist 
would possibly have thought the request to be an absurd 
one, for the white looked as white as it could be made. 
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So it was to the human eye, but we are not conscious of 
the presence of ultra-violet light; it does not affect 
the eye. The photographic plate is more sensitive in 
that respect) and records the presence or absence of these 
rays. 

The photographer in this case did not require to ask 
that the painting should be repainted. He adopted an 
ingenious plan. He photographed the picture through a 
transparent liquid which absorbed all the ultra-violet 
light. This meant that no ultra-violet rays were aUowed 
to enter the camera at all. It was therefore of no 
moment whether the white paint was reflecting ultra- 
violet rays or not. In this way a perfect copy of the 
picture was made. 

The photographic action of the ultra-violet rays was 
known in the very earliest days of photography, and, 
indeed, the discovery of the existence of these rays was 
due to their photographic action. It is these ultra-violet 
rays which have enabled us to fight that distressing 
disease known as Ivpus^ for it is these rays which are pro- 
duced in abundance by the Finsen lamp. Photography 
may therefore claim the discovery of these beneficial rays, 
which have proved victorious in many cases quite incur- 
able by other means. 

It will be evident that it was these rays of ultra-violet 
light which produced the portrait taken in total darkness, 
which was mentioned in the preceding chapter. 

In one of the Christmas lectures delivered at the Royal 
Institution of Great Britain in 1896, Professor Sylvanus 
Thompson made an interesting experiment which demon- 
strated the photographic action of these ultra-viokt 
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nm On a bcwrd tliere w» a kr^ tfaeet of ft{ip«reo% 
plain wbtte pAper. Hlitfi tbe ligiit of m pcnrcrftil ut 
Ump ««s thrown upcm tbe paper ooe ooold ve nothing 
fatti Ao sb^dutdy pLuB white paper. A photographer 
then set ap his ounerA and took a photograph of the 
paper. The plate ^ms bnmcciiately developed, whereupon 
it wad teen that them was a bold uncriptiofi Qpoa the 
apparently Uaak paper. This tuacriptioti was cjaite in- 
visible to the human eye, but not to the eye of the 
camerap The ordinary white light from tbe arc lamp wax 
reflected by all parts of tbe white paper, and the eye 
therefore iaw a plain sheet of white paper* Tbe inscrip- 
tion » however^ bad been painted on in a colourlesi 
chemical liquid which absorbed the violet rays. Hiis 
made no difierence to the human eye, because these rays 
do not affect it in any case ; the eye therefore does not 
miss them. The photographic plate misses these rays ; if 
they are absent, then the photographic action is not so 
great. Hence when the letters of the inscription failed 
to reflect these ultra-violet rays to the photographic 
plate, there would appear upon the plate a considerable 
want of chemical action at these places. In this way a 
record of the invisible inscription is obtained upon the 
photographic plate. 

The colourless liquid used for the foregoing experiment 
was sulphate of quinine dissolved in a solution of citric acid. 
The source of light was an electric arc lamp, which is very 
rich in ultra-violet light. 

The illustrations facing page S06, of the blood-stained 
handkerchief and the faded signature, may be explained 
in the same way. 
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So &r we hare been dealing, in this chapter, with the 
invisibk rays of ordinary light. A beam of white light 
contains not only those different rates of ether vibration 
whidi produce the spectrum colours, but it also contains 
these invisible ultra-violet rays. While these rays, like 
the X-rays, aflect a photographic plate, the properties of 
the two kinds of rays are different in several respects. We 
may demonstrate the most important difference by a 
simple experiment. We place the hand upon a photo- 
grafdiic plate and expose it to the action of ultra-violet 
rays. We merely obtain a uniform black shadow of the 
hand. Compare this with an X-ray photograph of the 
hand, and there is no comparison between the two results. 
Hie ultra-violet photograph is just the same as we could 
get by ordinary light if we laid some opaque object upon 
a nq;ative during the exposure; the X-ray photograph 
I need not describe again. The ultra-violet rays will 
cause a fluorescent screen to shine, but only a solid shadow 
can be produced by the hand. The special photographic 
value of the X-rays lies in their penetrative power, and 
in the fact that different substances offer different resist- 
ances. 

When Professor Rcintgen made the important dis- 
covery that the X-rays affected a photographic plate, 
several experimenters set to work to find out if these rays, 
or other similar rays, could not be found in nature. 
Several scientific men turned their attention to phos- 
phorescent substances ; there is a phosphorescent effect in 
an X-ray tube when at work. A phosphorescent sub- 
stance is one which, after being exposed to ordinary light, 
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will become luminous in the dark. The phosphorescent 
effect is, in some cases, merely momentary ; in other sub- 
stances it lasts for many hours, or even for several days. 
Many of us have i^ecdJections of luminous match- boies, 
etc., which were a marvel to our youthful minds^ In the 
preceding chapter I had occasion to sj>eak ot Jinarr^'etU 
screens in connection with X-ray worL These Gcreeos 
only became luminous when the X-rays fell upon theni; 
the effect disap[)cared with the withdrawal of the rays. 
The difference between ^uorascmas and phosj^kortsooia 
will therefore be quite obvious. 

Experiments were made to see if phoRphorescent sub* 
stances did not give off invisible rays along with the 
luminous rays* Of the different experiments, the most 
important was that of Professor Becquerel, of Paris. The 
salts of uranium were considered to be phosphorescent, 
although the resulting luminous effect was very short- 
lived. In order to find out if this substance might not 
possibly be giving off invisible rays, Becquerel exposed 
a piece of uranium salt to strong sunlight, allowing it to 
rest on the top of a light-proof envelope, which enclosed 
a photographic plate. When the plate was developed, 
there was no trace of sunlight, for the envelope was abso- 
lutely opaque to light; but rays had reached the plate 
from the uranium salts, and had formed the shadow of a 
metal cross, which had been laid beneath the uranium. It 
was quite certain that no luminous rays from the uranium 
had penetrated the envelope, so that the photographic 
action must have been the result of invisible rays emitted 
by the uranium salts. 

Then there comes a romantic incident, which reminds 
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one of Daguerre's magic cupboard, of which we read 
in an earlier chapter. It so happened that on one 
occasion, when Becquerel was about to expose a piece of 
uranium salt to sunlight, with the object of making 
further photographic experiments, the sun disappeared 
behind the douds. Becquerel put the uranium and the 
enclosed photographic plate in a drawer, intending to try 
the experiment later. We are then informed that Bec- 
querel coming one day and finding the uranium lying upon 
the envelope containing the photographic plate, the metal 
cross being again between the uranium and the plate, he 
somehow or other took the plate and developed it without 
subjecting the uranium to any exposure of light He was 
very much surprised to find that the image of the cross 
again appeared upon this negative, even although the 
uranium had not been rendered phosphorescent by ex- 
posure to light. 

I have sometimes wondered if the thought of Daguerre^s 
magic cupboard came into BecquerePs mind, when he 
opened the drawer and remembered his postponed experi- 
ment. He certainly had no reason to expect that an 
image would be formed upon the plate, seeing he had not 
exposed the uranium to sunlight. Be that as it may, this 
photographic plate has become of historical interest. It 
disclosed to Professor Becquerel the fact that the uranium 
was giving off these invisible rays without having had an 
opportunity of bottling up the sunlight. 

Could it not be that the uranium had stiU retained 
some of the sunlight effect from a previous exposure? 
This was not likely, as the phosphorescent effect of uranium 
is of very short duration. To make assurance doubly 
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fttre, B€ci{tierel took loaie uraniuni salts wbkh hs hud 
cbetntc&Ur combined and crystallbed id the dmtk, Tben 
oould be no quefttion of fiotiligbt with Ibcie lalts, u tbej 
bad nerer Men the li^L He then experimented with 
this virgin inbilatice upon a pbotograpfak plata, and be 
found that there wef« invisible fays giren off, just im 
energetic tii their pbotogmpbic act too as were the myn of 
the earliGr spectmens which had been carefullj exposed to 
MUfi light. This wa3 man's first knowledge of Todio-aciive 
bodies, and is hoootir of the di^ieoverer these rays have 
been named Bccquerd ra^s. 

It may seem to the leader as thotigh this dtscovery 
was not of irery much consequence in the workaday 
world* We cannot tell how far-reaching it may be* It 
led to Professor and Madame Curie's discovery of radium. 
But what I want to point out at present is that photo- 
graphy was the means by which Professor Becquerel made 
this historical discovery of bodies emitting invisible radia- 
tions. Herein lay the discovery of a new property of 
matter — a property, the existence of which had remained 
sealed in nature's book from all time, until revealed in 
1896 by BecquerePs photographic plate. 

It is not within the province of our present subject to 
trace how the Curies, following up this pioneer experi- 
ment, discovered the much more radio-active substance 
which they christened radium. An electrical test was 
found which proved much more sensitive in detecting a 
radio-active substance than the photographic plate. Never- 
theless, it was the photographic plate which opened the 
door to this world of radio-activity. 

I remember seeing some of the negatives which had 
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been exposed to uranium in order to produce various 
skiagraphs. The read^ would not reckon them of 
much value, merely judging them by their appearance. 
Hey will remain, however, of historic interest. ' The 
skiagraphs or radiographs produced by radium are 
more distinct, but they too fall far short of those pro- 
duced by Rontgen^s rays. Some interesting negatives 
have been obtained with radium, showing metal coins, 
keys, sleeve-links, etc. One experimenter, Soddy, adopted 
a very interesting plan. He placed some radium salts in 
a small test tube, and using it as a pencil, he traced the 
letters Ra, in imaginary writing, upon the black envelope 
enclosing a photographic plate. When the plate was 
developed the letters were clearly seen upon the negative. 
Ilus experiment showed how very quickly the rays affected 
the photographic plate. 

The illustration facing page 196 is by far the best radium 
photograph I have yet seen. I am indebted to Mr. Edgar 
Senior, of the Battersea Polytechnic, for this interesting 
example. This experimenter has surprised photographers 
from time to time by his beautiful experiments. The 
method of taking this photograph was as follows. The 
object, a carved ivory needle-case, was placed in contact 
with a photographic plate, and a icreen coated with a 
substance containing the radium was placed over it ; the 
whole being contained in a box was kept in the dark. 
Although no visible radiation proceeded from the screen, 
the photograph was obtained on allowing some time to 
elapse before withdrawing the plate. 

It is a curious fact that luminous or phosphorescent 
paints, although losing their luminous eflfect after several 
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days at the most when withdrawn frotn exposufie to li^litt 
will continue for many weeks to emit in>rkible r&j% whidi 
aiFect a photographic plate* 

Ulie well-known incandescent gAs mantle emits invisible 
fays. An unused mantle is cut up so that it will lie 3at 
upon a black envelope containing a photogtmphic plate, 
l*he plate and the mantle are then put aside in a dark 
drawer for eight days, and when developed it will he found 
that these invisible rays have photographed the texture of 
the mantle upon the negative. 

Many ordinary substances will similarly aflect a photo- 
graphic pkte, if the exposure be long enough; an 
exposure of several days may be required. A piece of 
polished zinc is a very active body, while the printer^s 
ink upon a five-pound note will photograph itself upon 
a photographic plate in the dark. I remember an 
amusing incident in this connection. Many years ago 
a friend received a boxful of photographic plates to 
develop for a friend of his. When the plates were 
developed, not only did some excellent photographs of 
interesting places appear, but an uninvited guest had 
also been at work. Across each picture there was a bold 
inscription printed. In the clear sky of one picture 
appeared the words "use so-and-so's baking powder,"" 
while on another stood an advertisement of soap, and so 
on. In packing up the plates, the sender had placed 
pieces of printed paper between them, and on the journey 
the printer's ink had affected the still sensitive plates. 
These substances are not radio-active bodies; they will 
not respond to the electric test of altering the con- 
ductivity of air. Some physicists maintain that these 
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Prufessor Reiss, Lausanne University . 



Photographing the Invisible 



The upper illustration is a photograph of a portion ot a \iaLndk«tt\v\«\ ^toxs^ "wVwv^ V 
lome blooa-stains had been washed out with soap and waleT,%o \.Vv»\ \\k«^ -"wci^ k^^'A^s 
iarisib/e to the eye. The photograph reveals iheir ptescnce. TVve \on*« WVosXrWF^' 
brnphotognph of part of an old French document from w\\\cYi \Vve ia^ti^Xxm^ \«^^ <^ 
appeared. The camera saw what (he eye could not see. (See cViAV. x\\\.'^ 
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bodies emit invisible rays which act upon the chemicals 
on a photogia[^ic plate, but others believe the action to 
be a purely chemical one. 

It was thought by some experimenters that glow-flies 
or fire-flies emitted invisible photographic rays which 
could penetrate a sheet of iron and then afiect a photo- 
graphic plate. One experimenter in Japan was said to 
have proved this by shutting up one thousand fire-flies in 
a shallow box, and then exposing a photographic plate 
beneath a sheet of iron upon which the box rested. I 
am informed, however, that this statement was afterwards 
withdrawn; possibly some stray light afiected the ex- 
perimental plate. 

Referring again, for a moment, to radio-active bodies, 
there is one other point which may be of interest to the 
reader. He may wonder if it is possible to make a body 
radio-active, or if it is only a natural property. We shall 
take a case in which the photographic plate gives us a 
reply. If an aluminium or copper wire be electrically 
diarged, to a high negative potential, for some hours, it 
is found that the wire will afiect a photographic plate, 
and that it retains this property for several hours after the 
charge has been withdrawn. It has been proved, in this 
case, that the surface of the wire becomes radio-active, 
because radio-active matter from the atmosphere has 
been deposited upon it. It is not possible to make a 
body radio-active, except in this sense. 

It does not concern us in our present subject to inquire 
how radio-activity has brought to man the new know- 
ledge of the disintegration of the atom. The chief point 
of interest for us at present is the way in which this new 
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knowledge origioated. We see Becquere] examinji^ " 
newly developed photographic plate, and fijuling upon it 
the faint shadow of a copper cross, which he bad laid is 
the dark, between a piece of uranimn and the black 
envelope enclosing the sensitive pUte, Here, indeed, 
began a true romance in the world of science* 
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CHAPTER XIV 
PHOTOGRAPHING MICROBES, &c. 

Daguerreotypes through the microscope— How photographs are taken 
through the microscope—An invisible image— Photographing a 
spider*s foot— Some beautiful microscopic shells— Nothing left to 
the imagination — Interesting points in high magnification — A 
difficulty overcome — Microbes — What are bacteria?— Photo- 
micrographs of metals. 

IN X-ray photography we have seen how it is possible 
to photograph things which are invisible to the eye, 
because they are enclosed within other substances 
which are opaque to light. In the present chapter we 
are going to consider the means of photographing bodies 
which are invisible to the eye because of their minute 
size. While these objects are far below the range of our 
vision, we can see them by means of powerful micro- 
scopes. And it is because we are able to photograph 
objects through the microscope that we can obtain 
pictures of things that are below our range of vision. 

The idea of photographing through a microscope is not 
new. In the days of the daguerreotype a few scientists 
took photographs through the microscope, but the really 
fine work of photo-micrography has all been done during 
the present generation. 

We may gain a great deal of interesting and useful 
knowledge by means of these photo-micrographs. One 
occasionally hears these pictiures spoken of as micro- 
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of interest. 

A glance at the illustratio. 
show the beautiful detail obta 
through a tnicrosoope. 
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is only a dark chamber in wl 
graphic plate in the proper pos 
formed by the lenses of the mic 
we wish to take a photographii 
see when looking through the mi 
When we speak of photogrf 
fly^s wing, and so on, it is not 
It] novice that we merely catch a sp 

f^'*, under the microscope and camei 

r]' mount the object carefully upoi 

^1' that it is firmly fixed between tl 

^: ' cover glass. This we do in ore 

p:;; object flat enon^pU i^- ' 




^t^$^ 



jirtk^r E, Smahy 



A Spider's Foot 



Tbisj>hotograph was taken through a microscope, as explained in the text. It is 
to realue that all this detail is contained in the toot of such a tiny creature as a 
(See cbap. xiv.) 
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be properly seen in a smaller photograph. Some friends 
maintain that one can get as good results by simply en- 
larging a smaller photograph, but with many microscopic 
objects this is not the case. 

I have had many an argument with microscopists upon 
this question. I hold that it is unfair only to measure 
the object in the final photograph, which may happen 
to be an enlarged copy of a very low magnification, and 
state the actual number of diameters that it is greater 
than the original object. One ought to state that the 
picture is an enlargement of a certain magnification. If 
we turn to the photographs shown opposite page S84 we 
have there a dear proof that an enlargement of the smaller 
abbey would not have all the detail shown in the tele- 
photograph below. It is hardly fair to make a com- 
parison between the reproductions in the book, as the 
graining of the process screen might destroy some fine 
details in the smaller picture; but taking the original 
photographs I have examined them very carefully, using a 
powerful magnifying glass to the smaller picture, and 
there is a lot of detail in the laiger photograph which 
does not exist in the smaller picture. To take one item 
only, one can see telegraph poles and wires to the left of 
the abbey in the tele-photograph, but there is not the 
faintest impression of these in the smaller image. No 
amount of enlargement would ever add these to the 
image of the smaller photograph. Hence my argument 
concerning the microscope holds good. 

The photo-micrographer has really two focussings to 
attend to. He first of all adjusts the focus of his micro- 
scope till he gets the image perfectly sharp. To do this 



PHOTOGRAPHING MICROBES, &c, 

he removes the camera and focuses his microscope in the 
Drdinary way- He then couples his camera to the miem^ 
scope and focuses the image upon the glass screen of fau 
camera. 

If one thinks of an ordinary spider with his long thiii 
legs of seemingly simple constxuctionj one does not expect 
to see much detail in the foot of so small a creature. Its 
foot is about the size of the dot at the end of this 
sentenca^ and if one had never used the microscope one 
would probably think that the spider's foot was in the form 
of a single round dot» The illustration^ facing page SIO, 
shows hfiw much detail is really contained in so small « 
space« There is no artist's imagination to be allowed for 
here ; the spider's foot was simply mounted between 
two pieces of glass and then photograplied through a 
microscope. The spider''s foot in the original photograph 
was 400 times longer and 400 times broader than the 
real object. The block-maker, however, has had to 
reduce the photograph from 10 inches by 8 inches to 
4 J inches by 31 inches in order to suit the page of this 
book. 

After examining the photograph of the spider's foot 
we can better understand how the little creature is able 
to suspend herself on her almost invisible thread. The 
late Ur. Carpenter tells us that the spider uses these 
comb-like claws for cleansing purposes, and for the 
manipulation of the thread of her snare. The same 
lover of nature tells us that these little claws are so sensi- 
tive that "by resting them upon a trap-line of silk 
carried to her den, she can, by a veritable telegraphy, 
discover instantly, not only the fact that there is prey 
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upon her snare, but the exact spot in the web of the 
snare in which that prey is entangled.^ This she can do 
when she is ** far beyond the reach of vision.'' 

We pick up another microscopic slide, marked poly- 
afgtina^ and we desire to take a photograph of this 
through the microscope. Nothing can be seen by 
ordinary vision except a number of very small specks 
below the cover-glass. These might be mistaken for 
dust or fine white sand. In the lower illustration oppo- 
site page 216 we see one of these slides of polycystina 
photographed full size. What a difference between the 
visible detail in this and that in the larger illustration 
above it! This large photo-micrograph only represents 
a very small fraction of the polycystina contained in the 
microscope slide shown beneath. We no longer see 
simple specks of matter. Each of the tiny specks is 
found to be a beautifully formed shell. And what is 
even more marvellous, each of these tiny fossil shells at 
one time contained a living creature. It seems almost in- 
credible that so much design can possibly be contained in 
so small a speck in nature. 

These polycystina are fossil shells, the homes of 
creatures which lived many ages ago. Do any of these 
tiny creatures still live upon the earth? Yes! we find 
their living representatives near the surface of certain 
oceans, and they are named radiolaria, having little rays 
projecting from their shells. When these tiny crea- 
tures die their shells fall to the bottom of the ocean, 
and after long ages go to form hard rock. It is in these 
rocks that we now find the polycystina of radiolaria which 
lived long ages ago. 
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Photo-micTography provides us with a m^uis of t 
ing knowledge coneeming microsc-opic objects much better 
than can be done by direct microecopy itself. Every 
one is not the possessor of a microscopey but althou^ 
one may never have looked through a micriMcope, one 
can understatid a photo-micrograph. When an ordinary 
person knows that he is looking at an actual photo- 
graph, he feels confident that he is seeing nature r^ollv 
as she is. When we came across wood engravings 
of snow crystals in our school books^ many of us, I 
doubt not, gave the artist credit for a rather livdy 
imagination. These exquisite and intricate geometrical 
designs, labelled snow crystals^ had doubtless been sug- 
gested to the artist by the snow flake. We too ^^ 
sometimes seen wonderful configurations in the flames as 
we sat listlessly over the fire. When, however, we are 
shown an actual photo- micrograph of the crystals formed 
by breathing upon a window during frost, w^ feel we are 
on safe ground. We know that all that multitude of 
exquisite forms must really exist exactly as we see it in 
the photograph. I do not mean to suggest that the 
artist wilfully misrepresents a microscopical object ; I am 
describing the possible appreciation of such drawing in 
young minds. In the case of photo-micrography there 
can be no personal equation to discount — no artist's 
imaginative licence to allow for. 

Then, again, not only does photo-micrography ensure a 
faithful reproduction, but the artist Light will draw the 
most delicate lines and complex structures in a manner 
which the draughtsman's pen could not accomplish. 
Again, what the skilled draughtsman would take 
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laborious hours and perhaps days to draw, the pencil of 
nature will draw in a few seconds if the magnification be 
low, or in a few minutes if the magnification be great. 
Allowing for the time required to arrange the camera, to 
develop the negative, and to print the paper photograph, 
the whole time is a mere fraction of the draughtsman's 
time. Besides all this, the man who cannot draw a straight 
line or shape a curve may produce an excellent picture 
of the most complex organism by means of photo-micro- 
graphy. 

There is an interesting point that arises in connection 
with high magnifications. We all know the meaning of 
the refraction of light ; we have seen a stick placed at an 
angle in water, and we have noticed that the stick ap- 
peared to be very decidedly bent at the point where it 
entered the water. We are therefore aware that light is 
bent or refracted when passing from one substance to 
another, such as air and water. The same happens when 
light passes from glass to air, and so we may picture the 
rays of light being bent as they pass out through the 
cover-glass of a microscope slide into the air space between 
the slide and the lens of the microscope. Even although 
the cover-glass is made as thin as it is possible, some rays 
will be bent outwards so that they miss the small lens 
altogether, and therefore fail to enter the microscope. 
This means that the resulting image will not be so 
bright or so perfect as it would otherwise be. How 
can this difficulty be overcome? We certainly cannot 
hope to make a thinner cover-glass ; already it is merely 
a wafer, the weight of which is hardly perceptible in the 
hand. We can, however, prevent the bending of the rays 
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of light If we supply the Ugfat with a aniform pfttk 
The bending is caused by the difference in density heiwcoi 
the glass and the air. If we fill the tnteireniiig air wptm^ 
between the microscope ftlide and the lens, with wmbsr er 
with cedar oil, then the light will have no ch/injr^ of 
density to pass through. It will suffer no mfrmctitm id 
passing from the glass to the water or oil, so thmt all the 
light will enter the microecopc and produce a brighler 
image and a better photo- micrograph. When one mse§ in 
a price list of microscopes^ waicr-immtr^ion or €ni~immgtMim 
lenses, the meaning will be quite cl^ar* 

In our first ilhiBtmtioti (p, %IQ) wc have & demonftni- 
tion of how photo- micrography is of n^isl^nce in the 
study of insect life. Then in the illustration facing page 
216 we have an example of how the beauty of very minute 
organisms is revealed. We might add photograph after 
photograph, showing a whole world of marvels beyond 
the range of ordinary vision. 

Tliere is one other field of photo-micrography with 
which I shall deal at some length, because it is doubtless 
the most marvellous of all, not from the artistic, but from 
the practical point of view. I refer to the photography 
of microbes. In the two illustrations, just referred to, 
we have photographs of very minute objects, which are 
not themselves invisible, although the beauty of their 
design is hidden until revealed by the microscope. In the 
present case we are going to deal with photographs of 
objects which are totally invisible to our eyes ; far below 
the range of unaided vision. 

It is a natural question to ask what these microbes or 
bacteria really are. I have occasionally found people 
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Photomicrograth 



fttf iuwe tlltuti^uon IS a photograph, taken throush a mxctoscope, arvA i^^on«\ «\;J^V*^^^ 
■ »fJS!»^;^b'te specks ''Cpolycyslina) seen in the Vovret \\\>»lT«LUotv, Wv ^V^^^^^ 
n Tbe tower photograph «:ives the actual Mze of \V\© o\^\ecl% viVvxcYv ^*te V^ox«^ x 
mtcroscops. (See chapter xiv.) 
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turing microbes as some kind of very minute insects, 
small, of course, that they cannot be seen, but yet 
lowed with a sort of instinct or volition, enabling 
m to leave one infected person and direct their attack 
kinst a second person who happened to offer some attrac- 
Q or predisposition. A glance at the photographs of 
srobes facing page S20 will dispel any stray idea of insect 

Scientists were not very sure at first what bacteria 

Uy were. It could not be decided whether these 

lute organisms belonged to the animal or the vegetable 

gdom. Were they a low form of animal life, or were 

y simple vegetable life ? There was a great deal of 

ly debate before these all-important little organisms 

3 finally settled down in the domain of botany. What 

I is a microbe or bacterium? It is a very minute 

table organism ; a microscopic fungus, classed along 

moulds and yeast. The study of bacteriology has 

of the very greatest benefit to mankind, and photo- 

^phy has played no small part in the advancement 

8 knowledge. 

I not within our present province to describe how 

:teriologist cultivates bacteria in peptonised meat 

c, for the purposes of examination. Nor, again, 

stains his specimens with aniline dyes to make 

OS of the bacteria more visible. It will be of 

to the reader, however, to see exactly what some 

bacteria look like. I have selected four difierent 

bacteria which will be quite distinct from one 

the eye of the uninitiated, and at the same 

represent well-known die 
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Looking at the Ula^tJ&tions (p. ^StO% we notioe Uittl 
to the lower rigfat-band {dioto-mkrograpli some of tbe 
bacteria have tbe appearance of druoiflticks. This pectilisr 
formatton is found in the disease germ of hdfmwt of 
to give it ita more scientific namef tetanus. When the 
bacteria are in the form of little stiaJgfat rods, mb shown 
in this illustmtjan, tbey are called bacUU^ the singular of 
which is bacilhis. It is only at & certain stage in its lifia- 
history that the tetanus bacillus has this drumstick ap* 
pearanoe. 

As this photograph is magnified one thousand diameteTS^ 
the real bacillus b only one- millionth of the area abown 
here. If these tiny organif^mB enter a suigical wound, they 
set up a series of changes in the tissue, and produce a 
virulent poison, which acts upon the nervous system, and 
causes those most distressing spasms and convulsions 
associated with lockjaw. 

ITie upjKjr left-hand photograph shows the bacillus of 
diphtheria. The little rods are slightly curved, and they 
are much smaller than the tetanus bacillus. These bacilli 
of diphtheria may be seen congregated in clumps, or in 
pairs, or they may be single. It is to counteract these 
tiny organisms that the anti-toxin serum is injected. 

Our next photograph is of Asiatic cholera, and here 
the bacilli take the form of spiral threads. Sometimes 
one finds a complete letter S. To show how easily these 
minute disease germs may be carried from one place to 
another, I may refer to an epidemic which occurred in 
1892. At this date a severe epidemic of Asiatic cholera 
originated in India, and quickly spread throughout 
Afghanistan, to Russia in Asia, and westwards along 
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the route of the railway ; this whole area being afiiected 
within the space of three weeks. Russian emigrants then 
carried the germs to Hamburg and Antwerp. 

Our last photograph is of special interest, and I am 
indebted to Dr. R. M. Buchanan, Bacteriologist to the 
City of Glasgow, for the trouble he has taken in securing 
a photograph suitable for reproducing here. The microbe 
here is of an oval or kidney shape. It belongs to a 
large class of microbes that are more or less round-shaped 
and called cocci. Each cell is called a coccus. This 
photograph is of the micro-organism of cerebro-spinal 
fever, more commonly called "spotted fever.^ The 
characteristic arrangement in pairs is well shown. The 
large group in the centre of the photograph is contained 
within a cell the outline and nucleus of which are scarcely 
visible. The larger bodies are blood corpuscles. 

All these photographs are made on the same scale. 
The magnification in the original photographs is one 
thousand diameters, but this has been reduced in repro- 
duction, in order to get the four photographs on to the 
one page. 

The bacteriologist is not only familiar with the shapes 
and forms of the different bacteria, he knows their 
actual measurements. The inch is, of course, much too 
large a unit to use, and so he takes as his unit the one 
twenty-five thousandth part of an inch. The cholera 
bacillus measures from one to two of these units in length, 
and about half a unit in thickness. While these figures 
will not convey much to the mind of the reader, they 
give the bacteriologist a real measurement by which he 
may compare the different bacteria. It is impossible for 
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the mmd adequately' to conceive the actual sixe of any 
bactenum* We cantiot imagine the divi^sjons of an iiaeh 
marked off into twenty-five thousand equal parts ; even 
when divided into sixty-four parts each division looks 
very small. Of course^ the bacteriologist is not really 
measuring with so fine a scale, for he does not measure the j 
actual bacillus, bnt a very large magnified image of tt.j 
For instance, if his photo-micrograph is one thousand] 
magnifi cations, and he finds that a bacillus in this photo* I 
graph measures one twenty -fifth of an inch, then he] 
knows that the bacillus Is one thousand times dmallerl 
than its photograph, which means that it will only 
measure one twenty-five thousandth part of an inch in | 
nature. 

The orthodox plan of stating the amount of magnifica- 
tion shown in a photograph is to say that it is fifty 
diameters or one thousand diameters. Some people, not 
accustomed to microscopy, express surprise when they are 
informed that a certain object in a photo-micrograpli is 
only multiplied by fifty diameters; they would have guessed 
a far greater magnification. It must not be thought that 
an object increased by Hfty diameters means that it is 
only fifty times as large as the original. It is fifty times 
as long and also fifty times as broad, so that it is really 
two thousand ^ve hundred times larger (50 x 50 = 2500). 
An object magnified one thousand diameters is therefore 
one million times larger, and so on. It is much more 
convenient to state the number of diameters by which an 
object has been magnified. We adopt this plan in every- 
day conversation concerning common objects. We say 
that one object is twice as long or twice as broad as 
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Photographs of Microbks 

These four photomicrographs show different types of bacteria. These m'nute organisms 
are far l>elow the mnge of vision ; they have been phoiopraphed through a powerful 
microscope. (See chap, xiv.) 



i 



PHOTOGRAPHING MICROBES, &c 

another, without stopping to consider the increase in 
area. 

Sufficient has been said to show that, in this depart- 
ment, photo-micrography reveals a whole world of activity, 
existing in air, earth, and water, which must have remained 
unexplored but for the microscope. It is difficult to realise 
that these bacteria are so very intimately connected with 
us as they really are ; they are in the food we eat, the 
air we breathe, and the clothes we wear. They are in 
our mouths and in our stomachs. We must not look 
upon all bacteria as our enemies; they occupy a very 
important place in nature. They have very aptly been 
called the scavengers of nature, for they break down dead 
animal and vegetable matter. They complete the cycle 
of life, the dead matter being transformed into substances 
which again go to build up the living. 

Referring to the bacteria known as disease germs, it is 
a natural thing to wonder what useful purpose these serve 
in our bodies. None whatever ; they are harmful para- 
sites ; they are not fulfilling their proper sphere in nature. 
Just as dirt is simply matter in the wrong place, so disease 
is bacteria in the wrong place. 

We owe a debt of gratitude to the bacteriologists who 
have discovered and studied these minute fungi, and who 
have thereby given the medical world new weapons with 
which to battle against disease. The bacteriologists are 
still at work in their laboratories, not only determining 
the nature of diseases, but on the look-out for further 
knowledge. 

Many beautiful photo-micrographs have recently been 
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CHAPTER XV 

PHOTOGRAPHING UNDER 
DIFFICULTIES 

Taking photographs in a coal mine—An eighteen-inch coal seam- 
Some experiments with flash-powder— The photographer baffled- 
Plenty of light — A more disappointing expedition- A third 
attempt — Another defeat — A new line of attack — A k>ng 
exposure — Ultimate success— The patient miners — A unique 
photograph. 

WHEN one meets with totally new conditions 
in taking a photograph one feels puzzled to 
know how to act, what exposure to give. This 
was my position when I determined to go down a coal 
mine and try to photograph an electric coal-cutter in a 
very narrow seam, measuring only eighteen inches from 
floor to roof. Many photographs had been taken 
previously in coal mines, but in such cases the photo- 
grapher had a reasonable space to work in. My ambition 
was to photograph the coal-cutting machine, and the two 
miners controlling it, in their exact working positions. 
This I wanted as an illustration for The Romance of 
Modem Ekchicity. 

Inquiries as to the source of light to use were not very 
encouraging; photographers^ opinions were so widely 
different However, I determined to try a powerful 
flash-powder, believing that I could not have too much 
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light, when the whole surrouoduigs were to be a daai 
black, 

I was fortunate in falling in with the tnanager of cot 
of the largest concerns for manuCeunturing flash-pawdsa, 
Thh gentlE^man supplied me with a very neat little iov^i- 
tion of his own, whereby the powder might be ignitrf 
without the risk of having one^s fingers burnt. This con* 
fti^tod of a stmall metal tray or aaticer, supported upon att 
11 {J right pillar poAsiiig through its centre. The tray conU 
lie slid up or down upon this pillar^ and fixed in anj 
tlesired position by means of a binding sci>ew, Tlie top 
of the pillar was mafle tubular, the hole being made just 
lar^e enough to hold a wax match when folded in two. 
The niethfKl of igniting the powder was very simple. 
A wax match was doubled so that the plain end extended 
up above the match head. The plain end was then 
frayed out so that it could be easily ignited, without 
setting the head alight. 

The prepared match was first placed in the top of the 
pillar, and the desired amount of flash-powder placed in 
the tray. The powder was then heaped up, so that it 
just covered the head of the match, and left the plain end 
projecting upwards. A light was then applied to this 
frayed end of the match ; there was no fear of igniting 
the powder in this operation, as this powder could not be 
ignited by a naked light. When the buried head of the 
match, however, caught fire, its miniature explosion ignited 
the powder, and there was a sudden flash of very brilliant 
light. 

Having obtained permission to make photographic 
experiments in a large colliery where naked lights could 
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be used with safety, I next secured the assistance of a 
friend who is an expert amateur photographer. 

It was necessary to carry out the photographic expedi- 
ticm during the night, as the coal-cutters were not at work 
in the daytime. 

We set out by rail to the mining district, hopeful of 
securing an interesting photograph. The manager of the 
mine was very interested in our proposed experiments. 
He told us incidentally that several photographers had 
already tried the same subject, but had got no results. 
This was not very encouraging, yet we were hopeful that 
we were armed with a better source of light than our pre- 
decessors. 

The manager was very good in accompanying us down 
the pit. I had been down several pits on former occa- 
sicms, but my friend had not been previously down a 
mine shaft, so he got instructions to take a firm hold on 
the cross-bar of the cage in which we were to be lowered 
into the bowels of the earth. It seemed quite a long 
downward journey, but we had still a long way to walk 
after reaching the bottom. At first we walked quite 
erect, but on turning off the main road we were forced to 
walk in a very crooked position, or we ran the risk of 
ooUision between our heads and the rugged roof. When 
we encountered a fall of the roof, which here and there 
almost blocked our way, we found the photographic 
i^paratus an awkward burden. Sometimes one had prac- 
tically to crawl through a hole. At last we entered a 
very small road or passage, in which the roof was so low 
that one even knocked one^s back against it when walking 
akmg with the body bent in the form of a right angle, 
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UNDER DIFFICULTIES 

the camera lenses, but this had evaporated before the 
machine came along. 

When the machine arrived, we were disappointed to 
find that it more than filled up the end of our road, 
but it did not come up to the £Etce of om* opening. It 
was several feet within the low passage, and this meant 
that our light must be able to penetrate this low, dark 
passage for several feet. Picture the photographer sitting 
upon the floor, with a dark hole extending in front of 
him, the height of the hole being no greater than the 
space between an ordinary chair seat and the floor of a 
room. He is going to try and photograph a machine 
and two miners lying several feet within this low-roofed 
hole. Our hopes could only be sustained with some 
efibrt 

Extinguishing all the miners^ lights and leaving the 
lens of the camera open, I set a light to the frayed end of 
the match in the powder tray. A moment of waiting, 
and then there was a sudden blinding flash of light. 
What an intense light ! Surely we had secured a good 
picture ! But remembering the reported failures of those 
who had already tried the same subject, we made several 
further attempts, each time increasing the amount of 
flash-powder. For the final attempt I warned all the 
men to dose their eyes; even then the light was quite 
blinding, and one had the impression of light which 
seemed to last for many seconds. Between each ignition 
we had to take ofi^ our coats and use them as fans to 
drive the smoke out of the passage. The manager told 
us that we had certainly succeeded in producing a far 
brighter light than any of our predecessors had. We 
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were at fault. I then remembered that I had purchased 
the matches from a street-vendor on the way to the 
railway station. A simple examination proved the 
matches to be of foreign origin ; the wax part was largely 
composed of wood, and the flame of the head was very 
poor. The explosion of the head was not sufiicient to 
ignite the powder. 

A third expedition was therefore called for, and on this 
occasion we went armed with several kinds of flash-powder 
and a liberal supply of British-made wax vestas. We 
first of all cairied out the experiment in the main road 
which we had intended trying on the last visit. In this 
case the miner was several feet within the eighteen-inch 
seam, but we were in the main road, where we had plenty 
of air space for the flash-light. Having snapped a few 
photographs in this position, we proceeded to the place 
where one of the coal-cutting machines was at work. 
Here we exposed several plates, varying the amount of 
flash-powder at each exposiure, and taking good care that 
the flame could not shoot out in front of the camera. 
Upon developing these plates the following evening, we 
found that we had secured a good photograph of the 
miner in the narrow seam ofi^ the main road ; but those 
of the machine taken from the narrow passage were 
worthless. A reproduction of the main-road photograph 
is shown in the upper illustration facing page S80. This, 
however, was not what we aimed at. It was quite evident 
that we could never take the photograph of the machine 
from the narrow passage, because of the confined space in 
which to set ofi^ the flash-powder. 

It then occurred to me to try acetylene gas. I called ■ 
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Down in a Coal-mine 
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some bad falls of the roof in the direct road, which we 
had travelled on the three former occasions. This 
necessitated our going down another shaft and approach- 
ing the coal-cutter by a much longer route. Here we 
were with all our additional burdens. I was truly sorry 
for my tall friend. Even with my previous experience, I 
found it a most trying ordeal. Several times I slipped 
upon a clay soil, and my box of precious chemicals nearly 
came to grief. We stumbled along as best we could, 
willingly accepting a bruised arm more than once, in order 
to save the apparatus. There seemed to be no end to this 
journey, and when we did reach the eighteen-inch seam, 
my friend said he really thought he could never manage 
to get out again. When we cooled down, our spirits 
revived, and we set about making a trial picture, to test 
the necessary duration of exposure. 

We got one of the miners to lie along, in the narrow 
seam, in the position which the machine would occupy 
later. We then charged the acetylene apparatus and set 
the four burners alight. We tried one exposure of two 
minutes and another of five minutes. All lights were 
then extinguished, while I developed these two plates. 
The first was under-exposed, and the second one seemed to 
be about right. We prepared for the approach of the 
coal-cutter, as we heard it drawing nearer. Suddenly its 
business-like hum ceased ; there had been a mishap to the 
machinery. It took the two machine men some time to 
get matters put right. Imagine working with the heavy 
parts of a machine, while lying on one^s side in a space no 
higher than beneath an ordinary chair-seat ! 

When the machine at last came into position, I told 
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knew exactly the right thuig to do. The image was then 
transferred from one plate to another several times. One 
object in this was to equalise the light over the picture, 
and to this end the negative was placed at a certain angle 
to a powerful light at each exposure. 

Many good photographs have been taken in coal mines, 
and without all this trouble ; but, as £eu* as I know, there 
has been no other picture taken in so narrow a seam. It 
was the limit of space which made the task so difficult. 
A friend has informed me that he saw a similar photo- 
graph shown in an electrical engineer's business book. The 
photograph he referred to was not only similar, it was the 
same ; permission having been granted to reproduce my 
picture. 
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TELEGRAPHING PHOTOGRAPHS 

and ask the postal authorities to transmit it to a certain 
distant friend, the case would be quite difierent There 
is no saying but some day we may find the Postal Gwdei 
giving a rate of charges for transmitting photographs by 
telegraph. In any case, the actual transmission of photo- 
graphs has been accomplished. 

All that the telegraph can reaUy transmit is electric 
currents. We must therefore control these currents by 
a photograph, and then cause these currents to reproduce 
the photograph at the distant end of the telegraph line. 
Even when we transmit speech by the electric telephone, 
we have only electric currents passing between the sender 
and the receiver. The vibrations of sound control the 
outgoing electric current, and the incoming current sets 
up corresponding vibrations and thus reproduces the 
original sound. But how is a photograph to be converted 
into electric currents ? 

One of the earliest patents taken out in America in 
this connection suggests a mechanical plan of reading the 
photograph. An impression of the photograph is taken 
on a gelatine surface, and then mounted on a drum or 
cylinder such as is used in the phonograph. Indeed, the 
whole idea is very similar to the idea of the phonograph. 
When the drum is revolved a needle rises and fidls accord- 
ing to the relief and depression of the photo-gelatine 
surface, and the movements of this little needle control 
an electric current passing out to the distant telegraph 
station. The reproduction at the other end is purely 
mechanical. There is a needle point, which b set in 
motion by the electric current, so that it rises and fidb 
in exact sjrmpathy with the needle at the sliding end. 
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circuit When the push is pressed, then the break is 
bridged over and a path is provided for the current to 
get from the battery to the belL When the button of 
the push is released the circuit is again broken and the 
ringing of the bell ceases. Just so with selenium. When 
placed in the dark it is analogous to the push with the 
circuit normally broken, but when light fidls upon the 
selenium the circuit is bridged and the bell rings. When 
the light is withdrawn it is analogous to releasing the 
push and thereby breaking the circuit once more. 

Our analogy does not carry us far enough. In the case 
of the bell push, it makes no difference whether the push 
is closed by a child of five years or a powerful man of 
fifty years of age. The selenium, however, takes very 
particular notice of the power of the light operating 
it. If only a feeble light fiedls upon it, then the electric 
resistance of the selenium is only slightly reduced and a 
feeble electric current is allowed to pass. A powerful 
light breaks down the resistance of the selenium and 
permits a stronger current to pass. It is just as though 
the light withdrew a barrier from the path of the electric 
current, opening the barrier wider and wider as the light 
increases, and closing it again according to any reduction 
in the light. I have endeavoured to make this action 
of the selenium somewhat picturesque, as it is a peculiar 
property such as we do not meet with in everyday 
life. 

We are now in a position to picture a selenium ^push^ 
or cell, through which the battery current must pass on 
its way to the telegraph line. This selenium cell is 
placed within a large dark cylinder in which there is only 
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TELEGRAPHING PHOTOGRAPHS 

photograph will be read by the pencil of light* The 
phonograph cylinder with its wax record gives us 
the exact motion required, but as it will not be con- 
venient to move the pencil of light along the length of 
the cylinder, we must make the cylinder itself, with its 
surrounding photograph, move along from right to left, 
while it also revolves. In this way every part of the 
picture is brought in succession under the active pencil of 
light We therefore have an electric current passing out 
to the telegraph line, and the variations in this current 
will exactly correspond with the variations of light and 
shade in the photograph. 

Before watching the transmission of a photograph we 
had better pay a flying visit to the distant telegraph 
staticm and see how the varying electric current is to be 
translated again into light and shade. There we have an 
arrangement very similar in its general appearance to the 
transmitting instrument We have a dark protecting 
cylinder with a small aperture through which a pencil of 
light may pass. In this receiving instrument the pencil 
of light is controlled by a small aluminium shutter. 
This little shutter, in its normal position, completely 
blocks the passage of the light If the shutter is turned 
very slightly on its axis, it allows a little light to pass into 
the cylinder. The further the shutter is turned the more 
light passes, until it b full open, when the whole light 
passes into the cylinder. Inside the protecting cylinder 
is a drum carrying a sensitised photographic film; the 
movement of this drum is identical with the movement of 
the transmitter's drum. 

The pencil of light falling upon the photographic film 
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TELEGRAPHING PHOTOGRAPHS 

towards the water. The further this little shutter is 
turned the more light is permitted to pass. 

If no current comes in fix)m the distant station, the 
shutter will remain in its normal position and thus pre- 
vent any light from falling upon the photographic 
film. The strength of the electric current sent out by 
the transmitter will determine the amount of li|^t 
which the shutter will allow to pass into the protecting 
cylinder. 

In this simple manner the v€iriations of the incoming 
electric current are translated into variations in the 
strength of the pencil of light. The revolving photo- 
graphic film upon which this pencil of light falls records 
all the variations of light and shade. The photographic 
record will not be visible until the film has been chemic- 
ally developed, but in describing the transmission of a 
photograph I shall suppose, for the sake of simplicity, 
that the image is immediately visible. 

As our demonstration is only to be in imagination we 
can be in two places at once, so that we may watch both 
the transmitting and the receiving apparatus, which are 
placed in two towns separated by hundreds of miles. 
Everything is in readiness, and the two cylinders, one at 
either station, are set revolving at the same time. It is 
necessary that the cylinders move in exact sympathy or 
synchrony, and there is a special arrangement to ensure 
this. The photograph we are about to transmit is one of 
the Crown Prince of Germany, as shown in the left- 
hand illustration facing page S40. 

The pencil of light in the transmitter first falls upon 
the grey background, which permits a certain amount of 
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TELEGRAPHING PHOTOGRAPHS 

Photographs have been transmitted by Professor Kom^s 
apparatus over a distance of many hundreds of miles. 

It is not at all likely that we shall in the future be 
continually telegraphing our photographs to our distant 
friends, but there are many useful purposes to which this 
invention may be put. The police authorities may have 
occasion to telegraph the photograph of a criminal from 
one city to another for the purposes of identification. How 
much more helpful than a mere word description ! Then 
the pictorial papers may have photographs of important 
events immediately telegraphed fi^m long distances. 

It is obvious that the speed at which such photographs 
may be transmitted will not be dependent upon the 
celerity of the electric ciurrent, for it is at its destination 
^ in less than no time."^ The speed of the transmission 
of a photograph will depend upon the sensitiveness of 
the selenium cell, and also upon the rapidity with which 
the shutter in the receiver may be operated. Complete 
photographs have already been sent in the space of ten 
minutes. 

The right-hand illustration opposite page S40 is a 
photograph of the inventor himself as it was reproduced 
by the electric telegraph at a distant station. 

A technical description of this photo-telegraphic apparatus is 
given by the author in the journal Electricity (London), Vol. XXJ, 
Nos. 83, Si, and 25, 1907. 



^43 




cha 



^^TU^ 









i' *»^ hold oT''**''' the . 



NATURE'S CAMERA 

relative positions of the lenses. Nature's ceunera far sur- 
passes all such devices. It would not be convenient to 
move the back of the eye to and fro, or to give the lens 
a similar motion, so the lens alters its curvature to suit 
the necessary focus. If we are looking at an object very 
near at hand, the crystalline lens becomes more convex, 
especially the front; or, in simpler language, it bulges out. 
If viewing a distant object, the lens becomes flatter. 
This €iccommodation is obtained by the combined action 
of a circular ligament which holds the lens in position 
and a circular muscle attached to the capsule surrounding 
the lens. We may picture the crystalline lens as being 
made of a transparent jelly-like substance which is highly 
elastic. 

It may be helpful to take a look at the model of the 
eye illustrated opposite page 248. The first photograph 
shows the complete eyeball. This delicate camera of Nature 
is well protected in the bony eye-socket, which is lined with 
fat, so that the eyeball may be protected and easily moved. 
The movements of the eyeball are controlled by six muscles 
attached to it, and it is any irregularity in these muscles 
or in their movements which causes squinting. The ends 
of some of these muscles may be seen on the model. 

The eyeball is further protected by the eyelid and also 
by the eyelashes. The latter assist to prevent dust falling 
upon the eye, while the eyelids in conjunction with the 
tear-ducts keep the exposed part of the eye moist and 
clean. The eyebrows protect the eyes against the possi- 
bility of perspiration trickling down from the forehead. 

The eye has a still further protection. The eyelids are 
lined with a soft mucous membrane, and this not only 
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NATURE'S CAMERA 

lines the eyelids, but it comes from the upper eyelid right 
over the exposed part of the eyeball and joins the lower 
eyelid. This skin is known as the amfunciiva and serves 
as a sensitive protective covering to the eyebalL 

The white substance forming the outer coating of the 
eyeball is quite opaque to light, and is called the sclerotic 
It forms the body of the camera. 

Under the white coat is another coating which is 
largely composed of blood-vessels. The space between 
these vessels is filled with cells containing granules of 
very dark brown or almost black pigment* This dark 
lining absorbs all the light which falls upon it, so that 
there will be no reflection inside the dark chamber. This 
second coat is called the choroidj and is analogous to the 
black lining of the camera. If this black lining com- 
pletely surrounded the interior of the eyeball, no light 
could enter. But in front of the crystalline lens it forms 
a curtain with a window or aperture in it. This curtain, 
which opens and closes, is called the im, and the aper- 
ture or space at its centre is called the pupU, It will be 
observed that the pupil is not a material thing; it is 
merely the hole in the iris curtain. If we only possessed 
the pupils of our eyes, we should be in the same predica- 
ment as the Irishman, already referred to, who declared 
he had nothing left in his wardrobe but the armhole of 
an old waistcoat. 

It is the iris which gives colour to the eye, and the 
colour is simply dependent upon the amount of dark pig- 
ment interlining the iris. As it contains less or more 
pigment, the eye appears blue, grey, brown, or black. 

While the iris diaphragm in a modem camera is a 
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rough imitation of the human iris, the purpose it serves 
is not the same. In Nature^s camera the iris regulates the 
amount of light which is to enter the eye ; in a dull light 
we require more of it to stimulate the nervous system 
of the eye. If a strong light falls upon the eye, the 
pupil automatically becomes smaller. The involuntary 
motion of the iris is therefore to r^ulate the amount of 
light entering the eye. The iris diaphragm in the modem 
camera certainly r^ulates the amount of light entering 
the camera too, but that is not its object. The purpose 
of ^* stopping down ^ the camera lens is to get as sharp an 
image as possible. If the photographer opens the iris 
diaphragm to its full extent, he gets the maximum of 
light. This is an advantage, but some of the light is 
passing through the outer part of the lens, which does not 
focus the rays of light so perfectly as the central part of 
the lens does. The photographer^s object is therefore 
to use only that part of the lens which gives the most 
perfect image. Having cut off so much of the light, he 
has to give a much longer exposure. 

The operation of the iris in Nature^s camera is very 
beautiful. The closing of the iris is somewhat similar to 
the method adopted in a lady^s work-bag, in which a 
cord is pulled to close the top. In the iris there is a little 
circular band of muscle fibre, near the margin of the 
pupil, and when this contracts it closes the aperture. 
Some other muscle fibres, placed in the iris like spokes in 
a wheel, are capable of contracting and thus drawing the 
curtain open. The action of the iris may be observed by 
looking at one^s eyes in a mirror, and at the same time 
moving a lighted taper nearer to and farther from the eyes. 
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NATURE'S CAMERA 

this way an image of the outer scene is depicted upon 
the retina, or sensitive screen. Certain nerve impulses 
reach the brain, and there the vision picture is inter- 
preted. 

There is a difficulty which often arises here. Like the 
image in Battista Portals camera obscura, or in any camera, 
the image is standing on its head. Why then do we not see 
things upside down ? This has proved a stumbling-block 
to many, and yet I think there is no real difficulty in 
arriving at a common-sense view of the matter. 

I remember, many years ago, hearing a lecturer ques- 
tioned upon this point, and his reply seemed quite un- 
thinkable to me. He believed the inversion of the image 
to be rectified by a crossing of the optic nerve on its way 
to the brain. I have before me, as I write, a recent 
number of an American literary journal, in which there 
is an article dealing with this theory of vision, in which 
the crossing of the nerve fibres is said to solve the problem 
of the inversion difficulty. It is stated that this theory 
*^has gained wide acceptance among scientists.*^ I can 
hardly credit this statement ; a common-sense view of the 
matter makes this theory quite unnecessary. 

If we think for a moment of the part which Nature^s 
camera plays in the act of vision, we find that it is in 
reality only an optical instrument. It focuses the ether 
waves of light upon its retina, and by some means or 
other the retina is thereby stimulated, causing nerve 
impulses to be transmitted to the brain. The eye is 
therefore merely a receiving instrument ; it does none of 
the interpretation ; that is all done at the other end of 
the optic nerve in the brain. Yfbai the brain interprets 
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NATURES CAMERA 

experiment, but we can arrange a very simple experiment 
which completely proves that this would be the case. 

Take a piece of cardboard ; a post card will serve the 
purpose. Pierce a hole at the centre of the card, using 
an ordinary pin. Hold the card up between one of your 
eyes and the light, keeping the other eye closed. Then 
look through the small pinhole, having the card a few 
inches from the eye, and at the same time bring the head 
of a pin close in front of the eye, holding the pin in an 
upright position. This will cause an upright shadow of 
the pin to fall upon the retina, and you will see the pin 
upside down. Indeed, if you were not holding the pin 
yourself you would believe that it was being held upside 
down. This experiment is well known, and is easily per- 
formed. It is best done with no other light in the room 
but the one which is being looked at through the card. 
The pin should be held quite close to the eye, indeed, 
touching the eyelashes. Keep the head of the pin up, 
and there is no danger of hurting the eye. A pin with a 
good large head is best. 

In passing away from this subject, I would remark 
once more that it is not the inverted image on the sensi- 
tive screen which the brain interprets; it is the nerve 
sensations reaching the sensorium. 

In one of the earlier chapters I passed over the fact of 
the inverted image in the camera obscura, remarking that 
no doubt it would be patent to most readers why the 
image is inverted, but that the matter would be fully 
dealt with in this chapter. It seems as though there 
could be no possible confusion here. 

If a man looks at his reflection in a looking-glass, he 

351 



KATURES CAMF.BA 





^ rmmh 
wfBm tk| 

IiMgtw Ot kM of U^ txacn Ui be «t about tbe 
bsglil fff tlie «n*« «i»l. L^H » idkrted bmn im 
bet m mU itiiwIiuM Smm wa^ fas nvcr Um lop of 
tlx: caoicfm, wam^ oiler Ibe loia. 11 ii qmte oppuotl 
tMt All tbe mp dttang the koi frim tbe man\ tmx 

through the kos and neeamunij eonliiiae in a d a w u w aid 

rlirfi^rtion, vj that they naturally fall at the bottom of 
the grounrl-gla.vs screen in>ide the dark chamber. In 
hirnilar f-t^shion, the only rays of light retlected from the 
rriarih lj<K>ts which can enter the camera are travelling 
in an upward direction. These rays pa^v^ing in at the 
U'j)H continue in their upward direction till they strike 
the Ut[) of the ground-glass screen in the camera. In 
this way an image of^ the man's lx>ots appears at the top 
of the s<Tecri, while his head appears at the l)ottom of 
the screen. 'I'his inversion is bound to occur when an 
image is fomied by rays c)f light passing through a small 
ajK'rture. 

In some earlier chapters we have considered the bending 
of light by means of glass prisms. We have all seen 
tho apparent bending of a stick when placed partly in 
w/iter and held at an angle. Those of us who have tried 
to Ki)ear Hounders around the sea-coast know how neces- 
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sary it is to hold the long spear perfectly perpendicular, 
or else we are sure to give the spear a wrong thrust. 

The bending of light is very clearly demonstrated in the 
illustration opposite page 254. The left-hand illustration 
shows that the penny is " round the comer.'* The ex- 
periment would still have been possible if the penny had 
been placed' quite out of sight. As the demonstration 
was to be by photography, and not by direct observation, 
I thought it better to show the exact position of 
the penny. Having taken this photograph, we let the 
camera, basin, and penny all remain in exactly the same 
positions. We carefully fill the basin with water and 
then take the second photograph. The penny is now 
quite clearly seen, but it is really ** round the corner,'' just 
as it was at first. The water has bent the rays of light 
round the edge of the basin. Rays of light passing out 
from the coin arc so bent over the top of the basin that 
they reach the eye. Now the eye is not a conscious 
organ ; it takes no notice of the fact that the rays of light 
falling upon it have been bent on their journey. We 
therefore see the penny as though it were lying further 
back in the basin ; that is merely our interpretation of 
the sensation received. 

Suppose we placed a crack rifle shot in the position just 
occupied by the camera. We could safely offer him a 
handsome prize if he could strike the penny without 
breaking the basin to get at the coin. Suppose we had a 
strong iron basin, we could let the rifleman shoot all day 
at the coin, and he could never hit it ; it is ^^ round the 
comer.'* He is really seeing the penny in a position 
which it does not occupy. 
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NATURE'S CAMERA 

but there are probably other colourless chemical sub- 
stances. 

This theory appears to solve many problems. What 
about colour ? Many persons cannot see the colour red ; 
we therefore suppose that some chemical ingredient is 
wanting. It is quite possible that many people go through 
life without the knowledge that they cannot see red as 
other people do. Even such an observant man as the 
great John Dalton, the founder of modem chemistry, was 
twenty-six years of age before he discovered that he was 
** colour-blind." The occasion of his finding out this 
defect in his vision is very amusing. Thinking to take 
his mother home a useful birthday present, and seeing in 
a shop window a pair of stockings marked ^^silk and 
newest fashion,^ Dalton promptly secured these as a suit- 
able gift. He was very surprised when his mother said, 
*^ Thou hast brought me a pair of grand hose, John, but 
what made thee fancy such a bright colour ? Why I can 
never show myself at meeting in them.^ Poor Dalton 
said that the stockings being of a ** dark-bluish-drab ^ he 
considered them to be a very proper sort of go-to-meeting 
colour. His brother Jonathan was called in to settle the 
disputed point, but he at once agreed with John, and the 
two brothers came to the conclusion that the old lady^s 
sight was strangely out of order. Deborah, thinking that 
it was her sons^ sight that was at fault, consulted some 
of the neighbouring wives. She soon returned with the 
verdict ^^Varra fine stuff, but uncommon scarlety.^ 
Shortly after this Dalton directed the attention of the 
scientific world to thb ^extraordinary fact relating to 
the vision of colours.^ 
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NATURE'S CAMERA 

duces the sensitive stuff, and the particular ingredient 
which is affected by red rays is not manufactured at alL 
We therefore believe that the part played by the retina 
in r^;ard to vision is a purely photographic process. 

Nature has provided us with two separate cameras, not 
simply that we may have a spare one in case of accident, 
nor yet only that we may have a wider range of vision. 
Each eye produces a different picture; it looks at an 
object from a slightly different position from its neigh- 
bour. It is the combination of the two pictures which 
gives us the impression of the solidity of things. 

Hold a pencil up in front of you, close one eye, and let 
the pencil cover some distant object from view. Keeping 
the pencil in the same position, look at it with the other 
eye; the pencil appears in quite a different position. 
You thus observe that the two pictures produced in your 
eyes are different from each other. Your left eye really 
sees more of the one side of an object than the other, 
while the right eye sees the other side best. This is 
quite apparent in the illustration opposite page S68. 
These two photographs have been taken by a double 
camera, or practically two cameras. The two lenses are 
mounted a little distance apart, just as our eyes are. It 
is quite apparent that the camera which took the left-hand 
picture has had a difierent view from the camera which 
took the right-hand picture. In the latter the little 
girPs head appears quite dose to the left-hand bank, 
whereas in the other picture her head appears dose to the 
opposite bank. 

Here we have imitated Nature^s twin cameras ; we have 
produced two di£Rsrent images just as our eyes do ; but 
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NATURES CAMERA 

one side, and a second photograph is taken from that 
position. It is much more convenient, however, to have 
the camera divided into two and the two lenses placed 
two and a half inches apart The two pictures are then 
taken simultaneously, thus permitting of instantaneous 
photography. 

Some readers may have seen a stereoscopic photograph 
of the moon, and yet it must be apparent that any two 
photographs, taken by a stereoscopic camera, of so distant 
a body, must be practicaUy the same picture. The way 
in which the stereoscopic photographs of the moon have 
been taken has been to take two separate photographs at 
different periods, for when the moon has made a circuit 
round the earth she does not arrive back at the very same 
position from which she set out. Suppose we had a complete 
circle drawn in the heavens, around the earth, and fixed 
in a permanent position. The moon sets off from one 
point upon this circle, but when she returns we find that 
she is either above or below this line ; we therefore get a 
slightly difierent view of her. Therein lies the photo- 
grapher's opportunity of securing two photographs for 
his stereoscope. 
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INTERESTING ACHIEVEMENTS 

fully recorded by the photographic paper. We might 
use ordinary printing-out paper if the source of light we 
were using was good strong daylight, and provided we 
could depend on a sufficiently constant light. In Great 
Britain, however, it is usual to employ a bromide emul- 
sion paper, which is very much more sensitive to light, 
and with which an artificial source of light may be used. 
It has already been noted that the image upon the 
bromide paper is invisible until it is chemically de- 
veloped. 

If the photographer, using bromide paper, desires to 
use daylight, he darkens his room by means of a shutter 
or cloth screen, leaving only a small window into which 
the back of his camera will tightly fit. He now uses his 
camera as a daylight magic lantern. He places the nega- 
tive of which he desires an enlargement in the back of 
his camera, just where the ordinary photographic plate 
goes. The daylight enters the camera through this 
negative, and an image is projected into the dark room. 
He focusses this image upon a piece of paper, and when it 
is sharp he replaces the paper screen by a sheet of bromide 
paper. After a suitable exposing the bromide paper is 
developed and a record of the enlarged image is secured. 

When it is desired to enlarge pictures by means of arti- 
ficial light, then a special projecting apparatus is used, 
this being simply a specially constructed magic lantern. 

It is an interesting fact that a negative film may be 
enlarged directly by chemical means. The negative is 
first of all placed in a bath of ammonia, and in about two 
hours the film is freed from its glass support The film 
then distends, the process being hastened if necessary by 
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First of all the glass plate had to be coated with the 
sensitised chemicals, in the method described earlier under 
Scott Archer^s name. Then the picture had to be 
focussed on a white screen, in order to find the exact posi- 
tion in which to place the photographic plate. While the 
plate was being exposed the photographer and his assistant 
had to keep clear of the projected image. Then when it 
was deemed that the plate had been sufficiently exposed, 
the plate was straightway developed. 

Some excellent photographs were taken, by this gigantic 
<samera, in the busy streets of Glasgow. It is indeed 
remarkable that it was possible to take instantaneous 
photographs with so krge a camera. 

An elderly gentleman, who was a contemporary of 
Kibble, teUs me that he was inside this huge camera on 
several occasions, and the arrangements for preparing and 
developing the plates were most ingenious. 

Facing page S84 we have an illustration of tele-photo- 
graphy. The upper illustration is a photograph of 
St. Alban^s Abbey taken from a distance of one mile. 
The picture of the abbey itself is necessarily very small, 
and one cannot see much detaiL 

The lower iUustration is a photograph taken from exactly 
the same position, one mile distant, but this has been 
taken through a tele-photo lens. In this picture one sees 
the abbey very distinctly. It is difficult to realise that 
the trees, so clearly seen in the foreground, were nearly 
one mile away from the camera. The little square marked 
off in the upper illustration shows exactly how much of 
that photograph is contained in the lower illusttaUoxu 
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Tele-photography is practically jhoiognphj throng 
a telescope, the tele-photo lens acting as the telescope. 
There are decided advantages in the tele-photo lens. 
It admits tar more light than a telescope would do, 
and it is so constructed that its focus does not require 
a long extension of the camera. 

lliere are many useful applications of tele-jdioto lenses. 
We shall see one great use of these in the diapter on 
photographing (he Hart. Tele-jdioto lenses have also been 
of much service in photogn^hing the architecture of 
inaccessible parts of a building and mountain scenery. 
Another interesting application is in photographing birds 
in the air or in their nests. One great advantage in 
natural history work is that the photographer can obtam 
a near view without going dose up to the animal and 
possibly disturbing it 

In connection with nature photography, the two brothers 
Kearton (England) have done a great deal of most in- 
teresting work. Their photographs of birds and nests 
are well known through their lectiues and writings. 

In looking at the illustrations which they have published 
from time to time, one sees the great advantage of getting 
actual photographs of birds upon their nests, etc It would 
be an interesting occupation to compare many artists^ draw- 
ings of birds with the actual photographs now obtained. 
Our present interest, however, lies in the taking of the 
photographs. 

It is quite evident that the Keartons are enthusiasts. 
They relate that in their photographic expeditions they 
^^ have slept for nights together in empty houses and old 
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ruins, descended beetling cliffs, swum to isolated rocks, 
waded rivers and bogs, climbed lofty trees, lain in wet 
heather for hours at a stretch, tramped many weary miles 
in the dark, spent nights in the open air on lonely islands 
and solitary moors, endured the pangs of hunger and 
thirst and the torturing stings of insects, waited for days 
and days together for a single picture, and been nearly 
drowned, both figuratively and literally.'* 

This enthusiasm was bom in these photographers, for 
one of them tells how when he was only nine years of age 
he went out nest-hunting, and coming upon a nest which 
was new to him, he determined to wait tiU the bird re- 
turned. Hiding himself in the hedge, the little fellow 
waited patiently, but the hiid was long in coming ; dark- 
ness fell, and sleep soon overtook the young enthusiast. 
It was only when his people became alarmed at his con- 
tinued absence, and a search party had been sent out, that 
the boy was aroused from sleep. 

While the Keartons are most desirous that amateur 
photographers should betake themselves to the fields, they 
very wisely point out that such photographs as they them- 
selves have obtained are not to be got without a great 
deal of patience. In order to let the would-be photo- 
grapher know what he must be willing to endure, one of 
them says : ** Kneel in one position for half an hour and 
look steadfastly through the keyhole of a door, multiply 
the time and pain by eleven, and add a complete dis- 
appointment, when some idea will be gained of what has 
happened to my brother and myself over and over again 
during the last few years.'' 

The Keartons devised many means of getting theur 
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camera dom up la the oesta Ooe plan was to h&Te 
camera endoeed inside a stuffed sheep, with the \am 
peeping out through a hole in the breast* The operator 
then hid m a nuii-coTered tent, whence he could watch 
for the hinW return, and ^pull the trigger"^ from hit 
hiding-place. At other times the photographer con- 
cealetl himself and his camera inside on iniltaiioo oi, 
taking the photographs through a hole in the breast of 
the stuffed aiHinal. 

Another prominent naiuf-e photographer, in quite a 
different field, is Herr C G. Schillings of Germanj. It 
was, indeed, a bold idea to photograph wild animals in 
ficrfec^t freedom. Imagine any man going right among the 
big wild game of equatorical East Africa and cahnly 
taking their photographs. 

Professor Lambert, of Stuttgart, has referred to 
Schillings'* photographs in the following terms : " These 
pictures are of the greatest importance. In them the 
wild animals of Africa will live on long after they have 
been sacrificed to the needs of advancing civilisation.*" 

Some of Schillings'* most remarkable photographs were 
obtained during the night by means of a flash-light, and 
owing to this fact he has entitled his work With Flash- 
light mid Illfle. On one occasion he photographed three 
full-grown lionesses as they came down to a pool to drink 
during the night. Imagine a man lying in wait in the 
dark midnight, hoping some savage beast would come close 
enough to him to be photographed ! 

In another photograph a lioness is seen actually spring- 
ing upon an ox, while a large lion, having allowed the 
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lioness, as is his custom, to make the attack, comes to help 
to devour the prey. In one jdiotograph a lioness was 
taken at a distance of only three yards. 

On many occasions while Herr Schillings was following 
some other animal, such as a gazelle, he suddenly found 
lions and lionesses, within a hundred paces, stealthily ap- 
proaching him. One can scarcely imagine the nerve- 
power required to keep cool under such circumstances. 

Among Herr Schillings^ ^^ sitters^ there were huge 
elephants, rhinoceroses, hippopotamuses, girafles, sBefaras, 
hyaenas, etc. These photographs, of animals in perfect 
freedom at their own home, were not obtained without 
much experience gained through many disappointments 
in previous expeditions made by Herr Schillings. This 
gentleman has the rare combination of being an expert 
photographer and a fearless hunter. 

Some interesting photographs have been taken from 
balloons, and it is a strange fact that some of the best 
photographs have been obtained on dismal rainy days. 
The reason why moisture in the air aids aerial photo- 
graphy is doubtless because it prevents the dust motes from 
reflecting the sunlight. It is quite impossible to take 
a photograph from a balloon at a height of four thousand 
feet because of this reflection from the dust motes. 

One well-known aeronaut, the late Rev. James Bacon, 
received a very strange request from the Russian Govern- 
ment. It was shortly after the tragic incident in the 
North Sea, on which occasion a British fishing fleet was 
fired upon by some Russian battleships which were proceed- 
ing to the seat of the Russo-Japanese War. The Russians 
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candle-power, and even then the total light would be 
very weak photographically when compared with the 
truck-load of mercury vapour lamps. 

The photographs were taken fix)m a moving train, 
which practicaUy chased one of the regular trains 
through the tunneL The powerful light was carried 
by the second train, and the light was thrown imme- 
diately ahead so as to light up the rear of the regular 
train. The resulting pictures showed the train flying 
through the tunnel, and then drawing up at one of the 
stations. Here some passengers were seen alighting, while 
others entrained. Then off went the train once more. 
The pictures attracted considerable attention because of 
the gigantic lighting scheme which was necessary. 

If some one were to hand you the photograph of a 
building, and ask you to calculate the exact position from 
which the picture had been taken, you might not be will- 
ing to undertake the task, but the request would appeal 
to you as being quite a reasonable problem. 

If, however, some one were to hand you a similar 
photograph and ask you to calculate the day and the 
hour when the photograph was taken, you would doubt- 
less consider the request as a jest. This seemingly im- 
possible task was undertaken, some years ago, by a 
mathematician. 

The subject was a photograph of one of the American 
observatories in Nebraska. This photograph was found 
in one of the old catalogues of the observatory, but it 
was not known when, nor by whom, the photograph had 
been taken. Professor Rigge set himself the task of 
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calcukting the exact date and hour at which the photo- 
graph had been taken. 

Fortunately the Runlight had been strong, m that the 
shadows cast bj different parts of the buildings were ?ery 
mark e A By means of these shadows the mathematician 
wfta able to calculate the exact position of the suu in the 
heavens* Thia was no light ta^k. But as the nin has a 
twofold motion, and Q3 each motion in independent of 
each other, a shadow gives us both the time of the day 
and the day of the year. 

Having obtained the exact position of the aun, the 
professor found that there were two different dates during 
the year on which the sun was in this particular position. 
One day was the 2iid of May, and the hour a few 
minutes past three o'clock in the afternoon. The other 
possible date was in the month of August. A close 
examination of the grass and the trees in the photograph 
decided that the earlier date was the correct one. 

Having calculated the exact hour and the day of the 
year upon which the photograph was taken, how could 
the particular year be determined ? The shadows would 
be the same each year at the same time, so some other 
evidence must be appealed to. As the photograph ap- 
peared in the observatory catalogue for the year 1894, it 
was clear that the picture had been taken before that 
date, but it might have been taken many years earlier. 
How then could the particular year be discovered ? 

It so happened that the weather vane of the observa- 
tory was distinctly seen in the photograph, and its 
direction was due north-west. A continuous record of 
the direction of the wind is kept in the observatory, so it 
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was an easy matter to find out in which year the wind was 
due north-west at three o^clock on the Snd of May. It 
was found that the wind had been due north-west on that 
day and hour in 189S. 

Further evidence could be brought forward by the 
photograph. Some trees at a distance of three miles were 
very distinctly seen, and this fact indicated a particularly 
dear atmosphere. Therefore the barometer must have 
been high, and the wind must have been steady for several 
hours. All these conditions exactly agreed with the 
records for the 2nd of May, 189S, while an examination 
of the records for the same day in 1894, 1892, 1891, 
1890, etc, showed that in none of these years did the 
necessary conditions prevaiL 

It was therefore definitely proved that the photograph 
had been taken at S p.m. on the Snd of May, 189S, the 
achievement being quite worthy of '^Sherlock Holmes.*^ 
In order to show that the day and hour were correct, a 
duplicate photograph was taken in the following summer, 
at S p.m. on May Snd, when every shadow was found 
to coincide exactly with those in the original photo- 
graph. 

While a simple photograph is a truthful witness, it is 
apparent that it is a witness which may be easily tam- 
pered with. If a photograph could be used as a witness 
in a law court, then a criminal might be able to prove an 
alibi by trickery. It is quite an easy matter to insert 
one's photograph into a second photograph, and then re- 
produce it as a complete picture. A criminal might have 
his photograph inserted into some picture which it could 
s 373 
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CHAPTER XIX 
PHOTOGRAPHING THE STARS 

Eariy daguerreotypes of the moon^The astronomer's camera-— A 
difficulty overcome— Some useful applications of photography- 
Photographing stars never seen by man— Photographing an extinct 
star— Discovery of small planets— Photographic discovery of 
Saturn's ninth satellite— Going round the wrong way— Wonderftil 
maps of the moon— Vast nebulae that dwarf the solar system — 
Photography and solar eclipses — Photography and the spectro- 
scope—How we tell what the stars are made of— Some stars 
approaching us— Discovery of a double star — An amusing incident 
on the Alps— Photography's important part in astronomy. 

PHOTOGRAPHY was in its very infancy when it 
was suggested to try and obtain pictures of the 
heavenly bodies. The first photographic studios 
were just being opened (1840) when Dr. Draper, of New 
Yorlc, succeeded in taking the moon^s photograph by the 
daguerreotype process. These early attempts were very 
imperfect, but some fair specimens of lunar photographs 
were shown at the great London Exhibition of 1851. 
These were also taken by an American. 

The first idea was simply to use a telescope as the lens 
of a camera, and this method continued up till 1870. 
Why not use an ordinary camera ? We may easily obtain 
a photograph of the full moon in an ordinary camera, 
but the image will be very smaU, probably about one- 
tenth part of an inch. To obtain a larger image we must 
use a lens having a greater magnifying power. 

Suppose, then, that we have a camera fitted with a 
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plat<' iM.forc they c/iri make any imprefwion. Herein lies 
our (iifficulty, for rjuring these hours the camera has been 
Uinn'il roiinrl in the waltz to quite a different position. 
ImU'tul^ it h/iM never remained long enough in one position 
lo nrt'ivt' any irnpresMion of tiie star which we were 
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Mow, tfieri, are wr? to overcome this difficulty? We 
ifMiwt kiM«|) tinning our camera round in the opposite 
chnrtiori to that in which the earth is carrying it, so that 
tlir lyr of tiie cameni will remain steadily fixed upon the 
ht/ir. Of roiirne, it /ippears to us as if the stars were 
iiioving and we ourselves were stationary, for we have no 
Hriiwition of movement through space; everything, in- 
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eluding our atmosphere, is going with us, and no resist- 
ance is offered to our progress. 

The large telescopes had already been fitted with dock- 
work, which kept them moving round at the required 
speed to counterbalance our movement in the great 
celestial waltz. The camera could therefore be clamped 
on to the side of the telescope, so that it too would keep 
a star in view. A star appears as a mere point of light, 
so that any movement vrill be very noticeable. Even the 
best clockwork may not serve to keep the camera quite 
steadily on the star for a very long exposure. In this 
case the observer must watch the star through a small 
telescope which is moving along with the camera. This 
telescope is provided with cross-wires in the eyepiece, so 
that the observer may get the star into a definite posi- 
tion as regards these cross-lines; and if the clockwork 
tends to take the camera too fast or too slow, he may 
retard or hasten the clockwork to rectify the amount of such 
error. In this way excellent photographs have been taken. 

It will be of most interest to the reader to know what 
useful purposes photography has served .in the study of 
the celestial bodies. We are accustomed to hear stars 
described as of \hejirst nuignitude^ or the sixth magtiitude^ 
and so on. This is really no description of their relative 
sizes; it refers to their apparent size. One star might 
appear larger than another because it happened to be 
nearer to us. Even the sun and the moon appear to us 
to be very much the same size, and yet we know that the 
diameter of the sun is four hundred times greater than 
that of the moon. Again, one star might appear larger 
than another because it had a greater luminosity. 
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PHOTOGRAPHING THE STARS 

distant from us that the ether waves of light sent out by 
them take many thousands of years to reach us. This 
seems ahnost incredible when one considers the fact that 
light travels at the enormous speed of nearly two hundred 
thousand miles per second. Here is a curious thought. 
We might set up a camera to-day and take a photograph 
of stars which ceased to send forth light before the Flood. 
Indeed, it may be that we have photographed stars which 
disappeared before man ever lived upon this earth. It 
would not aflfect this statement even if we granted that 
man may have been a tenant of this planet for one 
hundred thousand years. 

The largest possible number of stars to be seen by the 
unaided vision certainly does not exceed five thousand. In 
one part of the heavens as many as two hundred thousand 
stars have been carefully mapped out, with the aid of 
powerful telescopes. In the same area as many as two 
million stars have been detected by photography. 

Picture the astronomer of not so long ago sitting 
night after night at his telescope hard at work making a 
map of a certain part of the heavens. What a tedious 
and difficult task to fill in all these little specks in their 
proper places. Then picture the present-<lay astronomer 
setting his camera in any desired position and in a few 
hours obtaining an absolutely true chart. Photography 
accomplishes in a few hours a task which would otherwise 
require years of patient labour. 

The astronomer is keen to note any change among the 
heavenly bodies, and so he repeatedly compares the 
heavens with previous charts. When an additional star- 
like object does appear, he watches it carefuUy for hours 
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compared with the great planets, we must not picture 
them as being of merely meteoric size. Many of them 
are about the size of Great Britain, and they move around 
the sun in the space between the four inner planets and 
the four outer or giant planets. 

A century ago we believed that only three of the 
planets had satellites — faithful attendants like our moon. 
Now we know of five such systems, and it was photo- 
graphy that discovered two of the new satellites for us. 

There is an interesting point in connection with the 
discovery of one of these two satellites. In 1898 it was 
announced that a new satellite (Phcebe) had been dis- 
covered moving around Saturn. This made the ninth 
satellite for the mysteriously ringed planet, but the an- 
nounced discovery was not generally accepted as fact. 
The only evidence was a photographic plate ; there must 
have been some mistake. All attempts to find this 
satellite with the best telescopes failed ; the beautiful and 
youthful Phcebe must be a myth, like the great Apollo 
himself, from one of whose epithets the word Ptuebe had 
been coined. 

Long before this time one observer believed that he 
had discovered another planet, to which he gave the name 
Vulcan^ but this supposed discovery was never confirmed, 
although many photographic plates were exposed to that 
part of the heavens in which Vulcan should have been. 
The supposed discovery was therefore determined to be 
an error. When the announcement of Phcebe^s discovery 
was made and astronomers could not find the satellite 
with their telescopes, one astronomer jocularly suggested 
that Phoebe had gone off to look for Vulcan. Years went 
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We can only photograph one side of the moon, for she 
never turns round to let us see what the other side is like. 
The moon therefore performs a true waltz with our earth 
around the sun. Our earth, on the other hand, keeps 
continually turning around on its own account during the 
waltz. 

Another important part played by photography in our 
study of the heavenly bodies has been in connection with 
the sun, and more especially at times when our faithfiil 
moon has come between us and the sun, producing a total 
solar eclipse. 

The red flames or prominences seen during a total 
eclipse were proved to be appendages of the sun, for 
successive photographs showed the moon covering and un- 
covering these in her grand march past the sun. An idea 
had also existed that the beautiful coronaseen around the 
disc of the moon at the time of total solar eclipse was an 
atmospheric effect, but two photographs of the corona 
taken almost simultaneously from two places many 
hundreds of miles distant from one another proved con- 
clusively that the corona had no connection with any 
interference of our atmosphere, but was an effect occur- 
ring at the sun. 
'^ Photography has been of great service to astronomers 
in studying the nebuhe^ which had previously been a 
puzzle. These nebulae looked like &r-distant clouds, or 
dull patches of light, and, indeed, were sometimes liable 
to be mistaken for comets. Photography discovered vast 
nebulae which had never been detected by the most 
powerful telescopes. 

These nebulae have turned out to be great masses of 

283 



■ I 



r • 



.« «,uiiipardi wiLii a ^i 

masses of incandescent 
transformed into a star. 
oommenocd as a nebula, 
when our present pho\ 
** ancient records,^ the asti 
be able to point to these 
birth of some star known 
photograph being the embr 
When we consider our eai 
\ pared with the sun, and whei 

system as a mere dot compa 
become, lost in wonderment, 
activity upon this earth, a 
exquisite design in the tiny m 
p. 216)9 we find it very difiici 
within a mere dot in the un 
true that if some of the 
inhabited by intelligent bcin 
•• fail to discover our world w 

* Indeed, unless it so happenc 

> another tO. - • 



: 3 





Arthur E. Smith, J ,> tiMi 



A TkI EPirOTOr.KAI'H 



The upp«T illustration is an ordinary photograph jihowin.: St. Alhan'it Abbey in the 
diMance. The lower illustration is a telei)hotoi;raph taken from the ver>' same 
position, one mile distant from the Abbey. The little frame in the up|)er illustration 
marko off* the exact portion of that picture taken in by live VeVe^^^Ati \«ww \tw <«*. 
lower illustration. (Sec chap, xviii.) 



■f • «; 



PHOTOGRAPHING THE STARS 

have thought that astronomy and chemistry must for 
ever stand apart. We cannot hope to get to the stars to 
find out their chemical composition, but the spectroscope 
has enabled us to find out the difierent elements present 
in the sun and other stars. 

In those earlier chapters which dealt with the subject 
of colour photography we considered the efiect produced 
by passing light through a triangular glass prism. We 
saw that white light was analjrsed or split up into a 
spectrum of beautiful colours, commencing with red at 
one end and finishing with violet at the other end. In 
order to make the resulting spectrum as sharp and defined 
as possible, the light is passed through a narrow slot 
before it reaches the prism. In this way the overlapping 
of the bands of difierent colours is prevented, and we 
have what is called a pure tpecirum. 

A simple spectroscope is therefore merely a glass prism 
and a shutter with a slot in it. Sometimes the shutter is 
mounted in a brass tube, and an arrangement made 
whereby the width of the slot may be altered at will. 
Then comes the glass prism, and another brass tube with 
an eyepiece, which is practically a small telescope to mag- 
nify the image of the spectrum. 

If our subject was the spectroscope, and not photo- 
graphy, we should want several chapters to deal with the 
subject. We must content ourselves with a few details, 
such as are necessary to a proper understanding of 
the part photography plays in connection with spec- 
troscopy. 

Before we can examine any substance by means of the 
spectroscope, the substance under examination must be 

285 



PHOTOGRAPHING THE STARS 

sending oot light. The sun and the stars are therefore 
suitable objects for examination: but how are we to 
know what the different spectra mean? Suppose we 
make a few simple experiments in the laboratory before 
attempting to photograph the spectra of the different 
stars. 

We wish to examine a piece of iron by the spectro- 
scope; we must make it white-hot. On looking at it 
through the spectroscope we see a simple continuous 
spectrum, such as is got from white light. We try another 
solid body, and the result is just the same. Indeed, we 
find that all solid or liquid bodies, when made to in- 
candesce, give us a simple continuous spectrum. How, 
then, are we going to learn anything from the spectro- 
scope? 

First let us see what appearance a burning or in- 
candescent gas has in the spectroscope. We bum a piece 
of sodium in a hot flame, say that of a bunsen burner. 
We at once see a very bright line in the yellow band of 
the spectrum. This bright yellow line always appears in 
that position when sodium is in the form of an in- 
candescent gas. Hydrogen, when incandescent, gives a 
bright line in the red and a bright line in the blue. There 
are other lines seen with good apparatus, but these two 
lines are always particulcu-ly prominent. And so we find 
that every incandescent gas has definite bright lines. 

Suppose we are examining a sodium flame, and we see 
in the spectroscope a bright line in the yellow. While 
we are looking at this, some one makes a white light 
shine through the flame, by placing a white-hot solid body 
behind it. We immediately see a dark line in the yellow 
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band in the place of the former bright line. The sodium 
flame has absorbed certain rays from the white light 
passing through it, and so cut them off, leaving a blank 
in their place in the resulting spectrum. We may there- 
fore detect sodium by this dark line. This is what we 
have to do when examining the spectra of the heavenly 
bodies. The light from the distant star is passed 
through a spectroscope, and a record of the spectrum 
is made to impress itself upon a photographic plate. 
We find a great number of dark lines ; the positions of 
these are carefully noted and compared with the different 
spectra which we can produce in the laboratory in the 
manner already indicated. A careful examination of a 
photx)graph of the spectrum of the sun shows us that 
hydrogen, sodium, iron, copper, nickel, zinc, etc, all 
exist in that great body which is ninety-three millicms of 
miles distant from us. We are not to think of copper 
mines, etc., in the sun ; what the spectroscope shows is 
that all these substances exist in the sun in a gaseous 
state. 

To-day many observatories are taking photographic 
records of the spectra of the diflerent heavenly bodies. 
These records should be of great interest in the centuries 
to come. Future astronomers may compare our records 
with the spectra then obtainable, and thus note any 
alteration in the condition of the stars. 

Even in our own time, many interesting facts have 
been discovered by very carefully comparing the lines 
obtained in different photographs of the spectra of some 
distant stars. The lines of hydrogen, for instance, 
should appear in all photographs in exactly the same 
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poflttioffi in the spcctnim, no matter wtietber it be m 
distant star or a kljoratary experimetit which is being 
photographed. It was found, however, that there was 
a ilight difTerence in the position of these lines in certain 
Btara* Take, for instance, the star Siriua, the bright^ 
ill the heavens^ and perhaps better known to some as 
the Dog Star. It was found that the lines representing 
hydrogen were veiy slightly nearer the red end of the 
a[>cctrum than on the records made of other star^, and also 
of hydrogen burning in the laboratory. What could this 
mean ? ^ 

Have you ever been standing on a w&yiside railway \ 
platform when an express train was about to run through 
the station ? The whistle of the engine seems to rise in 
pitch as the train rushes towards you, and fiills again to 
a lower note as the train passes away. Indeed, it has 
quite the effect of a syren, and yet we know that the 
whistle is sounding only one definite note. ITie whistle 
is setting up one definite rate of air vibration all the 
time ; but as the train rushes towards you these air waves 
arrive, one after the other, quicker than they would if the 
engine was standing in one position. Hence a higher 
pitch of note. Imagine the whistle giving a definite 
numlx?r of blows to the atmosphere in a certiiin space of 
time. We then picture the sound wave set up by the 
first blow to be travelling towards us ; but the engine 
darts forward as it gives the second blow. It is just as 
though the engine made uj) very slightly uj)on the first 
sound wave before it dealt the second blow, so that the 
air waves follow each other closer than they would other- 
wise do. They come tumbling against your ear in quicker 
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suooession than they would do if the engine remained 
standing while it dealt out the blows. On the other hand, 
when the engine is rushing away from you, the vibrations 
or pulses are a little farther apart, the engine moving 
fiEuiiier and farther away at each blow. 

Keeping this analogy before us, we note that the position 
of the dark lines really indicates the pitch of the different 
rays of light. If the rate of vibration be increased, the 
dark line will move nearer the violet end of the spectrum ; 
that is, ^^up the scale.*" If the rate of vibration be 
decreased, the line will move down the scale towards the 
red or lower end of the spectrum. Looking at the record 
of Sirius, we find the displacement is so small that it 
requires delicate apparatus to measure it. The displace- 
ment is towards the red end ; the Dog Star is therefore 
receding from us. The amount of displacement in the 
spectrum indicates the rate at which this far-distant star 
is travelling. In the case of Sirius we find it is moving 
away from us about twenty miles every second. Other 
stars are receding at rates of from ten to thirty miles per 
second. One might be rather alarmed to learn that the 
spectrum photographs of some stars prove that they are 
approaching us at somewhat similar speeds. It will be 
apparent that there is no cause for panic when we con- 
sider that the nearest star to us is many billions of miles 
away, while some stars are distant thousands of billions of 
miles from our little globe. 

It is surely a very remarkable achievement to be able 

to tell whether a body, distant billions of miles from us, 

is approaching or receding from our earth ! Why, if one 

stands on a long, straight road, it is difficult to tell 
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While Sir William Abney was arranging his instru- 
ments, an American gentleman came upon the scene and 
watched the scientist with patient interest. After one 
hour of silent watching the American said, ^^ I guess, sir, 
youVe got a photograph behind that.^ To this the 
scientist agreed. The American next exclaimed, *^ Well, 
sir, what are you doing with the sun P^ It flashed into 
the mind of the scientist that here was an opportimity of 
having some fun. Sodium, of which soda is one com- 
bination, had already been found in the spectrum of the 
sun; alcohol and brandy might be classed as carbo- 
hydrates along with the hydro-carbon vapour for which 
he was searching. With these thoughts in his mind the 
scientist gravely replied, ^^Sir, we have already found 
soda in the sun, and now I am trying to find the brandy.^ 
The American made no further remark ; he hurried down 
to Zermatt, and informed the people in the hotel that he 
had encountered a lunatic Englishman on the mountain. 
^^The poor fellow was trying to get a brandy and soda 
from the sun.^ 

In closing this chapter it may be of interest to add 
that one observatory (Harvard College) has taken as 
many as six thousand stellar photographs in one year. 
This indicates the important part which photography 
plays in connection with modem astronomy. 
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CHAPTER XX 
PHOTOGRAPHY AND SCIENCE 

l^otographing sound wavf^^Photogr^phs of Bjring bullets — CoUuian 
iM^weea twa dtt»pft of walcr— The aplaah of a drop of water — The 
tn^aking of a aonp-bubble — Ripple photoprophy — A falling cat— 
Crosslnir waves — Pliotogjaphtng throiigh Nature's lenses^ — Fisb-eye 
photOfTHphy— F*r-di&tant earthquakes photogtaphicaliy recorded 
^Qtber spot- light phi^tographs — Is there such a thing a^ dark 
lightning ?— Qcmd photography, 

TO speak of photographing sound waves in the air 
will doubtless seem quite ridiculous to the ordinan' 
reader, and yet several scientists have accomplished 
this wonderful feat. 

I remember seeing quite a large collection of photo- 
graphs of air disturbances which were taken by H. Stiinley 
Allen, at Lord IJlyths wood's laboratory, in 1901. The 
method of taking these photographs was very ingenious, 
and the results were admirable from a scientific point of 
view, although the man-in-the-street would have failed to 
see their value; there was nothing picturesque about 
them. 

The general reader would appreciate more readily the 
photograj)hs taken by Professor C. V. Boys, where air 
waves are distinctly seen around flying bullets. A collec- 
tion of these photographs is to be found in the Physics 
Department of the South Kensington Museum (London). 
The general effect in a photograph of the flying bullet is 
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very much the same as that of a steamer ploughing its 
way through the sea. Both the waves which spread out 
from the bow, and the disturbance or ^^wake^ which 
follows in the trail of the steamer, are well represented in 
some photographs of a simple flying bullet. In other 
photographs the air waves are seen reflected from a sheet 
of metal placed in their path, and their behaviour is 
exactly like waves in water. But how did Professor Boys 
manage to photograph flying bullets ? 

To attempt to photograph a flying bullet by means of 
the very best of instantaneous shutters would be abso- 
lutely useless. We may take a snapshot of a train going 
at an express speed of sixty miles per hour, but the bullet 
is travelling at a speed of one thousand four hundred 
miles per hour. A momentary flare of flash-light powder 
is good enough to obtain a picture of a crowd of people 
assembled together, but quite useless in the case of a 
flying buUet. During the sudden flash of light the bullet 
would have passed with lightning speed across the area 
covered by the photographic plate. It is obvious that 
the illumination must be very short indeed before we can 
catch the image of a flying bullet. It goes so fast that 
we are unable to see it in its flight. Where are we to get 
an illumination sudden enough for the piu-pose ? 

An electric spark will give an illumination of the 
shortest possible duration. It has been calculated that 
some electric sparks occupy less than the one millionth 
part of a second. But all electric sparks are not of the 
same duration. Indeed, Professor Boys found that the 
first kind of electric sparks which he tried were far too 
slow to photograph the bullet shot from a magazine 
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An interesting series of such photographs was taken 
of a bullet piercing a sheet 'of plate-glass. A photo- 
graph of the bullet was taken just entering the glass, and 
this showed a cloud of glass dust thrown backwards in 
the opposite direction to that in which the bullet was 
travelling. Another photograph of the bullet was taken 
after it had reached a distance of five inches beyond the 
sheet of glass. This showed the bullet completely enve- 
loped in a thick cluster of glass dust, giving the bullet 
the appearance of a long brush; the five-inch space 
between the bullet and the hole in the plate-glass being 
also filled with a mass of glass dust. 

Another photograph which Professor Boys took when 
the missile had reached a distance of fifteen inches be- 
yond the glass showed the bullet quite clear of the glass 
dust, but close to the bullet there was a single piece of 
glass, which, no doubt, was the piece immediately struck 
and punched out by the bullet. This piece of glass is 
seen to be travelling along by itself at a speed practically 
equal to that of the bullet. This small piece of glass is 
seen to be causing air waves on its own account. The air 
waves in all these photographs might be mistaken by a 
casual observer for cracks on the negative. 

These experiments ingeniously carried out by Professor 
Boys were suggested by some similar experiments made 
by Professor E. Mach, of Prague. The method of 
obtaining the photographs was considerably modified by 
Professor Boys. 

Professor Boys also took some interesting electric-spark 
photographs of a fine column of water falling from a jet. 
At first the water looked like a rope or cylinder, and then 
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it began to bulge out at intervals^ leaving a narrow tieck 
between eacb pair of bead& At lajst tbese beads were 
seen to separate into little drops quite separate from one 
another The same scientist photographed two drops of 
water in the act of bouncing against one another. l%e 
dmps were flattened us they met, and behaved just as 
though they were india-rubber balls. 

Professor Worthington took a ieries of electrie-spark 
photographs of & drop of water falling into milk. One 
photograph was taken just as the drop of water struck 
the surface of the milk, and this showed quite a cavity in 
the surface. Then one of the succeeding photogmpbs 
showed quite a tall pillar of milk in the place where an 
instant before there was a hole, l^is effect was caused 
by the milk rushing in to fill the cavity, and in so doing 
the high ])illar was momentixrily formed. But for the 
testimony of the photographic plate we could not know 
that this strange result really happened during the splash 
of a drop of water. 

Lord Rayleigh took some very interesting electric-spark 
photographs of a soap-bubble in the act of breaking. In 
these photographs the retreating edge of the bubble, as 
it broke, is seen with all the accuracy and sharpness of 
a stationary object. 

Some interesting facts concerning ripples on the surface 
of liquids were determined by Dr. J. H. Vincent, by means 
of electric-spark photography. This scientist caused dif- 
ferent sets of ripples to be set up simultaneously on the 
surface of mercury, by means of two points attached to 
vibrating tuning-forks. The electric-spark photographs 
showed many interesting phenomena whicli could not be 
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seen by the eye, owing to the rapidity with which they 
occurred 

Some of the phenomena met with in the study of 
Sound and Light, such as reflection, interference, and 
refraction, have been well illustrated by this means. 
Some of these ripple photographs may be seen in the 
Physics Department of the South Kensington Museum 
(London), 

I have already referred, in an earlier chapter, to the 
electric-spark photographs taken of a flying insect. It is 
interesting to note that another experimenter made a series 
of such photographs of a cat falling from a height. The 
idea was to show how a cat was able to turn round in the 
air and land on her feet upon the ground. I understand 
that from a pictorial point of view the photographs were 
not very successful; the reason given being that the 
sulgects did not care for this form of scientific investiga- 
tion. No doubt the experimenter would have difficulty 
in obtaining sufficient illumination to get all the detail of 
a fiEdling cat. 

In the illustrations facing page 898 we have two very 
interesting photographs of wave eflects, taken by Dr. 
Vaughan Cornish. The upper illustration shows two 
waves crossing each other almost at right angles and 
each continuing on its own way. Dr. Cornish has kindly 
given me the following particulars : — 

^^The intention of the photograph is to illustrate a 
fundamental property of waves, namely, their interpene- 
tration and subsequent continuance each in its original 
course. It required six months^ waiting to obtain it The 
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photograph wm taken irtth a Nck 1 binocular caisera, 
pointed downwards, the centre of the picture being about 
twelve feet distant* The photographer stood in the water^ 
which had a depth of only two or three inches, upon a 
sandy shoal> The occasion was low water of a spring 
tide, and the locality the sandy shore opposite Branksome 
CInne, near Boumetnouth (England). The weather woi 
calm, and the ordinary waves, coaung In from the offing 
and breaking some distance out, gave rise to small ^Ittaty 
waves foaming at the fronts 

'^ At first the solitary wave leaves the foam behind^ but 
as the water becomes shallower, and the speed of the wave 
is thereby reduced, the foam which it makes travels with 
it and becomes a roU of opaque white froth which out- 
lines the wave-front with great distinctness, and gives the 
photographer his opportunity. 

"At the moment when this photograph was taken a 
'solitary' wave, deflected from the shore and travelling 
seawards over the sandy shoal, met the next incoming 
wave at a spot which was brought to the centre of the 
camera's field of view. Below this, in the photograph, 
the waves had previously met and passed through each 
other, each pursuing its original course. The line of 
momentary interference is recorded by an irregular band 
of foam. On either side of this the waves are seen to be 
pursuing each its original course. The increased ampli- 
tude of the momentarily combined wave is clearly shown 
at the point of intersection.'' 

I may remark that this photograph attracted a good 
deal of attention at the St. Ix)uis Exhibition (U.S.A.), 
and it was one of the photographs selected by the Royal 
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Photography of Waves 
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Commission for the souvenir volume of the British 
Exhibit^ 

The lower illustration (p. 298) is a photograph taken 
in the Dovey Estuary, North Wales, and shows sand waves 
produced by currents. This photograph is of scientific 
value, and by request Dr. Vaughan Cornish has given a 
copy of it for preservation at the Geographical Society of 
Berlin. The full title given to the photograph is ^ Cur- 
rent mark and tidal sand waves.^ 

When considering Nature's camera^ I incidentally re- 
marked that the eye of a particular species of beetle 
produced as many as twenty-five thousand images of the 
object which it was viewing. The experimental proof of 
this is very difficult to carry out It is indeed remark- 
able that any one can dissect the head of a beetle so as to 
remove the eye without injury. The retma and the dark 
pigment interlming the eye have to be very carefuUy 
removed with a fine camel-hair brush, and the miniature 
transparent lens has to be placed in proper position in 
front of the objective of a powerful microscope. 

Having got the tiny lens, the microscope, and the 
camera in position, the scientist then takes a glass trans- 
parency, say a photograph of a man, and he places this 

^ The binocular camera mentioned bj Dr. Cornish in connectioo 
with this photograph of crossing waves is rather lilce an open glass 
in appearance. One half of the instrument is a camera and the other 
half is practically one eyepiece of an opera glass. The photographer 
holds the instrument up to his eyes, as he would hold an opera glass, 
and this he does while he is in the act of taking the instantaneous 
photograph. In this way the photographer was able to bring the 
image of the crossing waves fkirly on to the centre of his sensitive 
film. 
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graphs through a microscope, but experiments have been 
made with some of Nature'^s larger lenses, allowing the 
microscope to be dispensed with. The crjrstalline lens 
taken from the eye of a freshly killed bullock has been 
used in place of the ordinary camera lens. Very great 
care is required in handling this natural lens, but the 
results obtained, in some cases, have been excellent. 

A totally different series of experiments was made by 
Professor Wood (U.S.A.), and described by him in the 
Philosophical Magazine of August, 1906, under the title 
of "Fish Eye Views.'' 

In the illustrations opposite page S54 we saw how light 
was bent in passing from the air into water. Imagine the 
penny in these photographs to be the eye of a fish which is 
swimming in the basin. It is obvious that the fish would 
have a very wide range of vision, the light being bent 
over the top of the basin at every point around its cir- 
cumference. Therefore a fish placed at the centre of a 
small pond of clear water must have a very wide view oi 
the objects surroimding the pond. 

It is difficult to make personal experiments; our eyes 
are not adapted to distinct vision under water. It is well 
known, however, that if one looks upwards from beneath 
still water one sees the sky compressed into a compara- 
tively small circle of light, the centre of which is always 
immediately above the observer. It just looks as if the 
whole pond were covered with a dark roof, with a circular 
window in its centre. As already stated, it b difficult to 
distinguish any objects that are out of the water. 

It occurred to Professor V^Tood that an excellent notion 
of how we appear to the fishes could be obtained by im- 

30I 



PHOTOGRAPHY AND SCIENCE 

TnerHiEg a oasnera id water and photographing the drcfe 
of light above iL 

llie apparatus was constnicted oat of a lard pafl atu! 
n short focus lens provided with a diaphragm having a 
very small aperture in it The lens and its dtaphiagm 
were fitted into a metal disc, which rested oa a metal rini 
soldered around the inside of the pail^ about mMwav 
between the bottoin and the mouth of the paiL The lower 
half of the pail was therefore to act as the camera or 
imitation fishes eye. This part of the pail was filled with 
clear water after the photographic plate bad been placed 
in position on the bottom of the paiL This opes^tion 
was necessarily performed in a dark room. Then the 
upper part of the pail was also filled with water, so that 
this part of the pail represented a miniature pond. The 
lens of the submerged camera was covered with a metal 
cap, keeping the dark chamber light-proof. This shutter 
was provided with a handle on the outside of the pail, 
enabling the shutter to be opened and closed at will. 

Tliis miniature pond with its submerged camera was 
then placed upon the ground, and a number of extremely 
interesting photographs were obtained with this device. 
A number of men standing around the miniature pond 
were seen in the photograph in a somewhat distorted condi- 
tion, and this must be the idea a fish gets of us when we 
look into the small pond or river in which he is swimming. 

By modifying the apparatus so that it could be held in 
a horizontal position, one could make the camera " look "" 
along instead of upwards. In this position the camera 
takes the place of the eye of a fish looking out through 
the gloss sides of an aquarium. Some very curious 
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photographs were taken in this manner. Again, the fish 
has a very wide range of view. 

If a straight row of nine men were to stand close up 
to the side of the glass aquarium, the fish would see the 
whole row of them, but not in a straight line. They 
would appear to be standing in a large semicircle, with 
their backs to the centre of the circle. The men at the 
ends of the row would appear to be away out about the 
centre of the room instead of being in a straight line 
with the fishes domain. 

It will be understood that Professor Wood was not 
experimenting with the eye of a fish, but with a photo- 
graphic apparatus made to imitate the fish'^s eye. In 
the experiments described immediately before these, the 
actual eyes of beetles, etc., were used to focus the images 
for the camera. 

Photography is of great service to science quite apart 
from the pictorial aspect The movements of a spot of 
light may record themselves upon a photographic paper, 
and by keeping a sensitised paper ribbon in r^ular 
processional motion, a spot of light falling upon it will 
leave a continuous record of all its movements. 

One interesting application of this {ad is in automati- 
cally recording far-distant earthquakes. It may seem 
quite ridiculous to attempt to record the altogether 
imperceptible tremors caused in Great Britain by earth- 
quakes occurring in India, Siberia, or Japan. We are 
totally unconscious of any such tremors, but our photo- 
graphic paper will inform us of their occurrence. 

In the British Observatory we dig a deep pit until we 
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get down twenty or thirty feet below the surface Wt 
then erect a solid pier or pillar of masonry upon tlw deep 
foundatioo. The top of this pier pops up to the obaerva- 
tory, through a hole in the floor, and ts used as a imaU 
table upon which the earthquake apparatus^ or seUmo- 
graphy stands. The instrument is therefore quite safe 
from aU local surface disturbances. 

llie instrumeDt consists of a long hoom^ which is so 
very light and so deHcately poiaed that it will move with 
the very slightest tremor of the earth* This boom, 
which is made of aluminium, wiU merely oscillate from 
left to right, the total distance of its to-and^fro vibration 
being very small. It must be obvious that there is no u§e 
in attempting to reomrd the movements of this boom by 
attaching a pen or other marker to it. Any such arrange- 
ment would immediately arrest the movement of the 
boom. It is here that photography steps in to aid the 
scientist. 

The end of the boom carries a very light plate or 
shutter of aluminium, in the centre of which is a longi- 
tudinal slot, while there is above this a lateral slot in 
the m^ihogany case which encloses the apparatus. The 
light of a lamp passing through the intersection of these 
slots causes a sjxjt of light to fall upon the ribbon of 
photographic {mper, which is kept in continuous and 
regular motion by clockwork. When the boom is at rest 
the spot of light makes a black line along the centre of 
the paper ribbon, while some light gets past the edges 
of the shutter and makes a bliick border on either edge of 
the ribbon. The very slightest movement of the earth 
causes the boom to vibrate, thus making the centre line 
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wavy and the outer edges irregular, as shown in the 
accompanying illustration (Fig. D). 

This is a reproduction of a photographic record taken 
in the Coats^ Observatory at Paisley (Scotland), and the 
earthquake, which directly moved the instrument occurred 
in far-distant Shemakha (Russia). 

While the photographic record shows the hour and the 
duration of the earthquake, it cannot give any indication 
of the part of the world in which the disturbance has 
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oociured. The earthquake may be recorded here several 
days previous to any information reaching us as to its 
whereabouts, especially if the disturbance is in some out- 
of-the-world place, where all means of telegraphic com- 
munication may have broken down. 

In those observatories where magnetic observations are 
taken it used to be a very laborious task to note the varia- 
tions in the directions of the earth^s magnetism. A large 
magnet, measuring about two feet in length, if suspended 
by a long silk thread, will not point steadily to the mag- 
netic north pole of the earth all day long. It will move 
slightly to the west between eight o^dock in the morning 
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and two o^clock in the afterncxm, and then slowly retum 
ea-stwards. During the night tbem is pmcticallj oo 
movemenL As the total mometneot from west to east is 
only about the thirtieth part of an inch at the end of a 
magnet measyring two feet, it h obvious that it will not 
concern the nmriner* There is, however, a scientific in- 
terest attached to these small variations^ which are 
irregular. During some jears the average amount of 
movement it double that of other yeais. It is alwajpi 
greater in summer than in winter. 

The reading of the exact position of the long magnet 
Wiis a tedious and a delicate task, which had to be per- 
formed twelve times every day. Photography stepped ni 
and relieved the obj^ervcr of his arduous duty. A small 
mirror attached to the magnet reflects a beam of light 
directed upon it, and thus throws a spot of light upon a 
photographic paper. This band of sensitised paf>er is 
moved by clockwork, just as in the earthquake apparatus, 
so that it keeps a continuous record, marked off in hours, 
of the position of the magnet. The observer therefore 
obtains a photographic chart showing exactly how far the 
magnet has wandered from the magnetic north pole. 

The photographic spot of light serves the scientist in 
very many different ways, but the two cases just described 
will give the reader an idea of this kind of work. 

Two Austrian inventors have used a spot of light to 
write down telegraph messages in ordinary writing upon 
a sheet of photographic paper. The one great advantage 
is that the pencil of light may be made to move very 
rapidly, so that an extraordinarily high speed has been 
attained. The spot of light is reflected by a little mirror, 

306 



PHOTOGRAPHY AND SCIENCE 

the movements of which are controlled by the electric 
currents The spot of light dances about on the sensitised 
paper, reminding one of the fairy light ** Tinker-Bell,^ 
in J. M. Barriers Peter Pan. 

All the photographic records of the movements of 
a spot of light are made upon a bromide emulsion paper, 
and therefore the record is not visible until the paper is 
chemically developed. In the case of this high-speed 
telegraph, the apparatus automatically develops the record, 
so that the telegram is complete when taken from the 
machine. 

In the lower illustration, facing page 808, we see the 
photograph of an apparent dark flash of lightning, and 
in the legend beneath this illustration I have asked the 
question — *'Is there such a thing as dark lightning?* 
Scientists could not definitely answer this question at one 
time, but Dr. W. J. S. Lockyer, of the Solar Physics 
Observatory (London), has helped to make matters quite 
dear. 

It had been suggested by one writer that the apparent 
dark flash was produced in the following way. A bright 
flash having occurred and made an impression upon the 
photographic plate, another flash follows suflBdently near 
to the first to illuminate the plate, whereupon the first 
image will appear dark instead of bright, when the plate 
is developed. 

Dr. Lockyer secured photographs of quite a variety 
of dark flashes of lightning, and he then proceeded to 
imitate the results by means of electric disdiarges in the 
laboratory. 
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If we look careftilly &t the dark flash in the photo- 
graph, we shall see that there is a bright core ftlotig 
the centre of the dark flash. Dr, IjDckyer was ahle to 
produce the same effect by means of electric sparks 
in the laboratory. His expcrimeots quite confirmed 
the suggested theory of the dark fiaahes being due to 
a seeond illumination of the plate. 

Taking first of all a photograph of a single spafk, he 
developed the plate and found that it represented a 
bright flash. Repeating the experimentf but Ifsaving the 
sensitive plate still In the camera, he moved his spark big 
apparatus very slightly, so that the image of a soeond 
spark would fall clear of the first impression. He then 
caused two sparks to pass in succession, and again four 
sparks on another part of the plate. The first and second 
sparks were found to be dark flashes with bright cores, 
just like the dark lightning in our illustration. The last 
spark alone appeared as a bright flash. By varying the 
intensity of the sparks, and that of the illuminated back- 
ground, it was found possible to produce any combination 
of bright and dark flashes. 

It is therefore quite clear that there is no such thing 
as dark lightning in nature. Every lightning discharge, 
if photographed and immediately protected from a second 
flash, will show a bright flash upon development. The 
dark flash is only seen upon a photographic plate which 
has been illuminated after the first impression was 
made. The apparent dark flash is therefore due to some 
chemical action which takes place in the photographic 
film. 

Immediately above the photograph of the dark light- 
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ning is a beautiful photograph of a cumulus cloud. 
Cloud photographs are taken for two quite different 
purposes. The object in this case has been to show the 
formation of the cloud. It is most interesting to hare 
a series of photographs of a cloud, taken at intervals 
of a minute between each successive picture. In this 
way one can see exactly how the cloud changes fix>m one 
shape to another totally different formation. 

The second object in doud photography is to secure 
cloud negatives which may be used along with other 
photographs. For instance, one may have a good land- 
scape photograph, but the sky has nothing of interest in 
it. If one prints in some clouds fix>m a suitable negative, 
the general effect of the landscape is greatly enhanced. 

We have already seen, in some of the other chapters, 
many ways in which photography aids the scientist. Not 
only in the study of the invisible part of the spectrum, 
and other invisible rays such as those emitted by radium 
and other radio-active bodies, but also in a study of 
bacteria and other objects far below the range of vision. 
In another chapter we saw how photography aided the 
astronomer, and so on. With what has been added in this 
chapter it must be clear that photography plays a very 
important part in scientific research. 
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CHAPTER XXI 
A CAMERA WITHOUT A LENS. &c 




The pinhole cmiiera — The di&4dTai]tag«$ of 

Why wc liie ienaei in the CAmera— The niakJQg of 
leiuen — Some curioiu points about kmsefi — WImtc^ f 
iic4— LenAOA for dlffm-ent purpotet—'WIuftt det^tiBuei t 
a ient?^Early iuggrslkrn of a portrait leaft— How tbe 
the rajTi of light-- 1 a the obtUmng of a good leni a 
chADce^How the form of t Jens Ib Ent determined « 

AFTER the reader has examined the illiiBtratiaiis, 
shown facing page 316, and when he learns that 
these Ijoautiful pictures were taken through a simple 
pinhole, he may be inclined to ask why we should bother 
about using a lens at all. 

It is certainly remarkable that such excellent results 
may be obtained, with no apparatus other than a dark 
box with a pinhole aperture in it. It will be obvious, 
however, that there must Ije some advantages to be gained 
by the use of lenses, otherwise the photographer would 
not pay anything from a guinea to one hundred and fifty 
guinefis for a good lens. 

IjcI us first of all see wherein lie the disadvantages of 
a (;amera without a lens. We amnot say anything 
against lack of definition in the two illustrations, but if 
we were to photograph some large object from a short 
distance, we should then find a want of sharpness about 
the picture. Before we could have a pinhole that would 
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focus with perfect sharpness, the hole would require to be 
so small that it would allow only one ray of light from 
each point of the object to enter the camera. An,d the 
material in which this ideaUy small hole is to be made 
must have no thickness whatever. Neither of these con- 
ditions can be fulfilled, but by drilling a very small hole 
in a sheet of very thin brass or tinfoil very beautiful 
pictures may be produced. This fact is admirably borne 
out by the two photographs reproduced in the illustra- 
tion. These photographs were taken by the Rev. J. B. 
Thomson, of Greenock, who is an authority on the subject 
of pinhole photography. 

I think that, as far as landscapes are concerned, no one 
will find fault with the productions of lensless photo- 
graphy. Indeed, a lens sometimes produces an unreal 
efiect in a photograph by giving too good a focus. In 
other words, the lens of the camera may bring the rajrs 
of light to a sharper focus than the crystalline lenses of 
our eyes do in ordinary vision. In modem photographic 
exhibitions one sees many pictures which have been taken 
with the lenses purposely out of focus in order to produce 
a more realistic effect. 

One is not surprised to learn that it would be quite 
impossible to focus the pinhole picture upon a ground 
glass focussing screen ; there is so very little light admitted 
to the camera that one cannot see the image. Fortu- 
nately there is no need of any focussing. No matter at 
what distance one places the photographic film from the 
pinhole, the image is alwajrs in focus. Of course, the 
farther away one places the sensitised film the larger will 
the image be. 
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I'here » Another tnttrestiog point ftbont pinhole pho- 
tography» and this b a point in ttft &¥oiir. THb defim- 
ticm of the pictuf© is eqttallj good foe all objects, no 
matter at irhat distance they arte away. This aeuiaioe 
may Beem iomewhat to cootimdici an earlier statement, 
in whi<^ I said that if one had a pinhole photograph of 
a large object taken from a ftbort distftocet one viMild lee 
that there was a want of sharpness about the pictttr^ 
lliere is really no contradiction- We do not notice the 
lack of definition in the distant landscape, but we should 
observe it in a large image of some detailed object. 

This evenness of definition for all distances is practically 
perfect in lensless photography, while it is othenrise 
with lenses » Both the foreground and the background 
are often far out of focus. 

Wherein, then, does the real disadvantage in lensless 
photography lie ? The answer to this question must be 
obvious, for if one thinks of the total amount of light 
which can enter the camera through a pinhole, it must be 
clear that a very long exposure will be necessary to enable 
the faint image to affect the chemicals upon the photo- 
graphic film. There is no use in attempting to increase 
the size of the hole ; we should certainly admit more 
light, but the resulting image would be blurred. In- 
deed, if we made the hole large enough to admit a 
good light, we should find that no image at all would 
appear. 

How long, then, does a pinhole exposure require to be ? 
A fair idea of the exposure required may be gathered 
from the general statement that a pinhole photograph 
requires as many minutes as it would take seconds by an 
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ordinary camera with a lens. Accordingly a picture 
which could be taken by an ordinary camera in one 
minute, would require an hour^s exposure with a pinhole 
camera under the same conditions. 

The chief purpose of a lens, therefore, is to admit 
more light into the camera, and still bring the image to a 
focus. The old-time Italian philosopher, Battista Porta, 
found that the pictures in his camera obscura were greatly 
improved when he placed a lens at the hole in his 
shutter. 

It will be obvious that the more light a lens can pass 
into a camera the better will it be for instantaneous pho- 
togn^hy. Hence we hear of rapid or instantaneous 
lenses. 

As we are not considering the subject from a practical 
standpoint, we need not trouble ourselves with the par- 
ticular forms of lenses required for diflferent purposes. It 
will be of more general interest to form some idea of the 
method of making photogn^hic lenses. 

It goes without saying that the lenses are made of 
glass, although there have been such things as liquid 
lenses. We aU appreciate the light-transmitting quali- 
ties of glass, and none of us would care to return to the 
fourteenth-century open lattices or windows of oiled paper. 

Most of us have some idea of the manner in which 
glass is made. Certain raw materials are mixed together 
and practically boiled in hot furnaces. Indeed, the whole 
process is not unlike the making of toffee, in which the 
ingredients, at certain stages, require to be stirred with a 
ladle 

If the raw materials used are compounds of sand, potash, 
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and lead, then the r^ultant mixture is tenned Jiini gla^^ 
If^ on the other hatid^ the mixture is sand, soda, and lime^ 
it is known m cmim glass. Both flint and crown glaa 
are used in the making of photographic lenses. A de- 
mand for finer work produced modifications of these, 
llie new kinds of ghw were fii^t made in some works 
at Jena, in Germany^ so that they are known as Jena 
glasses. These glasses are made by adding other in* 
grodients, such as phosphorus, aluminium, etc.^ to ibe 
mixtures which are to be boiled. 

One interesting point in the manufacture of glass 
is the method of obtaining a regular density through- 
out the mass* If the glass were more compressed in 
one part than another, the power of bending the rajs 
of light would vary accordingly in different parts of the 
glass. The glass-maker meets with a troublesome diffi- 
culty here, for if he withdraws his glass from the furnace, 
the outside of the mass will cool more quickly than 
the inner portion. This cooling of the outside will cause 
a greater pressure upon the inside portion, so that it will 
Ixiconie more dense. What can the glass-maker do to 
obviate this serious fault ? He must cool the glass very 
gradually by means of ovens, in which he can bring the 
temperature very gradually down. The whole mass will 
then cool equally, and the process is called annealing. 
Large discs of glass may require many weeks during 
which they are gradually cooled. 

Some of the glasses which are most suitable for photo- 
graphic lenses arc necessarily of a soft nature, owing to 
their composition. They are therefore much more easily 
scratched than is ordinary glass ; hence the cai'e recjuired 

3M 



A CAMERA WITHOUT A LENS, &c. 

in cleaning fine photographic lensea. It is a curious hct 
that these glass lenses are somewhat elastic. Indeed, if 
the lens-maker is not very careful in moimting a fine lens 
in its metal socket or cell, he may spoil the focus of the 
lens by making the cell press too tightly upon the edge 
of the lens. 

Another curious point about some kinds of glasses is 
that they tarnish on exposure to air just as easily as iron 
rusts. When the lens-maker uses this kind of glass, he 
must protect it from the air by enclosing it between lenses 
made fix>m another glass which will not tarnish. 

If lenses could be cast in moulds, in the same way as 
glass ornaments, the prices would be very difierent from 
what they are, but, unfortunately, this cannot be. A 
block of glass has to be cut and then ground down to the 
required shape. In grinding, the glass is rubbed against 
a hard metal tool, or mould, of the desired shape, while 
emery, sand, or diamond dust, is placed between the sur- 
face of the glass and the tool. The glass is caused to 
assume gradually the shape of the tooL 

For simple lenses, such as are used in spectacles, and for 
cheap lenses, this process of grinding may be deputed to 
automatic machines. Photographic lenses, however, not 
only require skiUed labour, but the making of fine lenses 
can only be accomplished by a certain delicacy of touch 
upon the part of the operator. 

After the lens has been ground to the desired shape it 
requires to be polished to remove the marks of grinding. 
The polishing is very similar to the grinding process, 
except that rouge powder is used in place of the emery, 
and a mould or tool having a softer surface, such as doth 
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or wax, replaces the hard metal tool. By this means the 
lens is given a lustrous ** black '^ polish. An imperfect 
polish will scatter the light into the camera, and this will 
be detrimental to the image. 

The great delicacy of the work necessary in making fine 
lenses may be appreciated when we learn that before the 
operator can measure the results he has produced in the 
lens he must let the lens cool down to a perfectly even 
temperature. The curvature of the lens will alter with 
an unequal temperature. 

Modern photographic lenses are made up of a combina- 
tion of several different lenses, and are fitted together like 
a short telescope. As already indicated, the forms of 
these vary greatly according to the particular purpose for 
which they are intended. We find lenses described as 
portrait, view, rapid-landscape, wide-angle, tele-photo^ 
universal, etc. 

One point of interest is that the focus of a lens— its 
focal length — is not dependent alone upon the shape or 
curvature of the lens. The composition of the glass has 
a great deal to do with determining the focus. Two 
lenses of exactly the same form may bend the rays of 
light in different degrees. If the two lenses are made of 
different kinds of glass, the one may bring the rays to a 
focus at three inches firom the lens, whereas the other^s 
focal length may be six inches. 

There is another interesting point in connection with 
photographic lenses, and this was observed at a very early 
date in the history of photography. In the Philosophical 
Magazine of October, 1889, there is a letter addressed to 
the editors by Dr. John T. Towson, and entitled ^ On the 
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IVoper Focus for the Dagoeneo^rpe.^ In this letter the 
writer points out that lenses, as then known, did not faring 
the chemical rays of light to a focus at the same point as 
the visible or luminous rays. Therefore, when Daguene 
focussed his picture on the ground-glass screen, he was 
not finding the true focus of the chief rays which affected 
his photographic plate. The picture would appear in 
good focus upon the screen, but the ^Mnvisible image ^ 
formed by the chemical rays would be out of focus, and 
the resulting picture wQuld therefore be in the same con- 
dition. The yellow rays of light produce the greater 
part of the illumination, and it is well known that these 
yellow rays have practically nothing to do with the pro- 
duction of the picture, as is shown by the use of a yellow 
lamp in the dark room. 

In his letter. Dr. Towson goes on to ask how Daguerre 
succeeds in producing such good results, and the writer 
explains it in this way. He points out that Daguerre 
^ stops down ^ his lens, so that light only passes through 
a small portion at the centre of it. In this way only the 
rays which require least bending are allowed to enter the 
camera, or, in other words, only the light which is making 
a fairiy straight course for the photographic plate gets in. 
Those rays which strike the lens at a considerable angle 
and would therefore require to be greatly bent are not 
accepted, for the greater the bending which takes place 
the more exaggerated will be the difference of focus 
between the visible and the chemical rays. The reader 
is not to imagine that none of the visible rays take part 
in the making of a photograph ; but this subject will fall 
better within the title of the following chapter. 
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Thii closing up of the greater part of tbe leos bj 
Dtiguerre, necessarily meant a long exposore, aiMl ihet^ 
fore Dn Towson proposed that a large lens might be uned 
if it was corrected so as to bring all the raya of light to 
one and the same focus, *^rhe particular object id view 
was the possibility of taking portraits from life, so thii^ 
new lens was termed a portrait lens, and it required a vcfy 
short exposure as compared with DaguerreV prerious 
achievements. 

Having witnessed the bending of light in the i) lustra- ^ 
tions opposite page 254, 1 do not think that any reader wiU 
have a difficulty in understanding how it is Uiat a gl&si 
lena bends the rays, Tlie bending occurs when the rays 
pa.'^s from a medium of one density (the air) into a 
mcdiunri of a different density (the glass), and again as the 
rays leave the glass and enter the air. The bending is 
therefore controlled by the curvature of the lens on both 
sides. 

I have repeatedly heard amateur photographers sav that 
it is altogether a matter of chance whether one gets a 
good, bad, or indifferent lens when one purcheises a camera. 
There is a certain amount of truth in this if one refers 
only to cheap cameras, and does not include expensive 
lenses. The reason for this is not far to seek. A gi^eat 
many defects may occur in the making of a lens, or flaws 
may be found in the glass only when the lens is polished 
and practically ready for use. The lens-maker has already 
expended a good deal of money on this faulty lens, and 
he can only afford to destroy it provided he is to get a 
compensative price for a good one when he does make it 
perfect. In the case of cheap lenses he must just do the 
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best he can; some are sure to be better than others. 
With expensive lenses, however, the case is different ; he 
is willing to throw on one side all those wherein any fault 
occurs, no matter at what point in the process of manu- 
&cture the defect is detected 

Very great perfection has been arrived at in the making 
of lenses, but it must be clear that these results cannot 
have been attained in any haphazard fieishion, nor could 
they have been very well arrived at by experiment. If 
lenses had been plastic bodies, which could be tried first of 
all in one shape and then squeezed out into another form, 
a purely experimental method might have been possible. 
Although I have stated at one point that a lens is elastic, 
it goes without sa3ring that the elasticity is very slight 
and that the lens is in no degree plastic. We have seen 
that the making of a lens is no simple matter, even when 
the operator already has the necessary tools bearing the 
exact formation required for the particular lens which he 
desires to make. 

The curvatures of the lenses required have all been 
determined by mathematical calculation, and then a tool 
has been made in agreement with the form worked out by 
the mathematician. 
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CHAPTER XXn 

HOW LIGHT MAKES THE 
PHOTOGRAPH 

The cbemicd sctloti of Upht— The lateiit image— A simple dcmonit»- 
tioti — What b ** chenueal cfaftoge*? — Acuiious conipcniiid— Ugbt 
decontposAS io&ie fubstanees — What bapp«i)ed on D«gtiett«'i 
pUtes — A simple anaJp^ — Modem photo^rapfak pl&tes — Dcrclop- 
ing and fbdng— Photographic papers — Toujiig and fbdixg the 
pHnU— The mys of light whicli take port in phobigraphj— Wbal 
are orthochromatic plates ? — Spocial purposes of other ptates. 

THE careful housewife, especially if she lives in the 
country, makes use of the direct chemical action of 
light, although she may not he aware of the fact 
When she finds that the modern laundry has failed to 
make her cotton fabrics white enough, she simply passes 
the order on to the great bleacher Light. She places the 
cotton fabrics, in a wet condition, out of doors, and, as 
she says, " bleaches them in the open air."" She really 
gets Light to do what the chemical agencies of the 
laundry-man have failed to do to her satisfaction. 

This may not appear to be a very suitable analogy for 
the effect of light upon a photographic paper. The 
former is a bleaching-out process, while the latter is a 
colouring or darkening process. But if light can make 
some things white and other things black, then the 
difference must necessarily lie within the things which are 
being attacked by the light. It is obvious, therefore, 
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that li^t is a force whidi sets up definite chemical 
actions, but that the particular effect produced will de- 
pend upon the nature of the substances themselves. 

What about the latent or invisible image upon a 
photographic plate P In this case there is no visible 
change made by the light, but that there has been a real 
change effected may be demonstrated at the expense 
of a couple of photographic plates. Suppose that we 
have two similarly sensitised photographic plates, eadi 
enclosed in a dark envelope. We open one of the 
envelopes and take the plate out so that the daylight 
may fall upon it for a moment. We take care that the 
other plate is well protected from light. We then take 
the two envelopes into the dark room, and examine the 
plates by the light from a red or yellow lamp. Both 
plates look exactly alike; there is really no visible 
change. Each plate has a creamy white film over one 
side. We place the plates side by side in a developing 
tray filled with a certain chemical solution, and very soon 
we see that there is a marked difference between the two 
plates. One of the plates has become black all over, 
while the other remains unchanged. The change has 
taken place in the plate which was momentarily exposed 
to the action of light. 

If we now place the two developed plates in a fixing 
solution, we shall find the white film to clear off the 
plate unaffected by light, so that it becomes practically a 
clear sheet of glass, although there remains a transparent 
gelatine film. The black plate comes out of the fixing 
solution with practically the same appearance as it had 
when taken from the developing bath. 
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Now it ii quite appareat tb&t the two plAt^ hmwe lud 
exactly the same ire&tment throughout, with the one 
exception, that light was allowed to attack the one and 
not the othen We require no furthser eW deuce to con* 
vince us that light has a very real action. 

What, then, do we mean by chaRuat change f The 
question hardly calls for an answer. Almost every ckoe 
knows that in nature there are a certain nunaber of 
simple or elementary substances, and that all tbe reft 
of nature ifl made up of combinations or a3mpo%mdM of 
two or more of these ekmmU. But we mnat not think 
of a compound as a mere mixture. We may mix ground 
rice and sugar together ; we have not made a eompouni 
The rice and sugar are there jost as before, and we might 
separate them again ; indeed, if we were to sprinkle some 
of the mixture into a glass of water, we should see the 
sugar fall quickly to the bottom of the glass, while 
the ground rice would float upon the surface for some 
time. 

If we think of any common chemical compound, we 
shall see at once how different it is from a mere mix- 
ture. We know that common table salt is a compound 
of sodium and chlorine. Now sodium is a soft metal, 
which one may cut with a knife, and which if cast upon a 
wet surface will catch fire. Fortunately for us, sodium 
behaves in a more orderly manner when it enters into 
partnership with chlorine. If it were otherwise we could 
not drop it into our soup and place it within our moist 
mouths, without its immediately igniting. The other 
partner in this combination, which is known as sodium 
chloride in the chemical "directory,"" or as common salt 
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in the household, is the gas chlorine, which possesses a 
strong suffocating odour. 

We might take water as another example showing how 
completely the elements lose their individuality while 
they are in partnership. We know that water is entirely 
composed of two gases — ^hydrogen and oxygen ; but when 
we drink water we do not drink a mixture of gases. We 
see then that chemical change means more than a mere 
addition. 

The chemical effect of light is not necessarily a com- 
bination or union of two or more substances. Light 
causes some combinations to disunite or decompose. 

If we wish to impress any one with the fact that light 
causes certain substances to unite, we have a well-known 
experiment at hand. If some chlorine and hydrogen 
gases are mixed together in a glass globe and then ex- 
posed to light, the gases will unite in a vigorous manner, 
announcing their union by a considerable explosion. For- 
tunately the chemical changes which occur on our 
photographic plates are not of such a sensational char- 
acter. 

It will be of interest to form some idea of the way in 
which light makes the photograph. Our best plan will 
be to consider in the first place what happened on 
Daguerre^s silvered plates. It will be remembered that 
the first step in Daguerre^s process was to get iodine to 
unite with the silver coating on the surface of his copper 
plate. This he accomplished in a very simple manner. 
He heated the iodine so that some ascended in the form 
of vapour, and in this form it came in contact with the 
silver of the plate. The two substances united chemic- 
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made of soft day. Matters are so arranged that the 
day and the iron look exactly alike, and the whole forms 
a smooth, self-coloured surface. If we commenced 
throwing handfiils of white stones at the target, we should 
yery soon find that some of the stones were sticking to 
some parts of the target and not to others. We there- 
fore take good care to strike every part of the target, 
and when we have done so we shall find the design of a 
crown standing out distinctly upon the unafiected back- 
ground of the target. 

The foregoing is certainly a very crude analogy, but it 
may be of assistance in making clear what happens when 
the plate with the invisible image is exposed to the 
vapour of mercury. The plate has been prepared by the 
artist Light ; there is an invisible design. We bombard 
the plate with small particles of mercury, and these 
unite with that part of the surface which has been 
specially prepared by light. Those particles of mercury 
which strike the parts of the plate with which light has 
not meddled are simply thrown off again. These are 
represented in the analogy by the stones striking the iron 
parts of the target. In this way Daguerre^s beautiful 
pictures were built up. 

It will be observed that the parts of Daguerre^s plate 
which were not affected by light still remained sensitive 
to light, the plate having been kept all this time in the 
dark. It was therefore necessary to wash the remaining 
portion of this sensitive film away. This Daguerre did 
by washing the plate in salt water. 

Turning to modem photographic plates, we find light 
preparing an invisible picture upon the unstable chemical 
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stirface« Then follows the developing bAtli, mod we 
tma^^e the eheniicala in the developer to be attnctsl 
by the prepared design and rejected hj the 
portioDB of the chemi<^ film. Thus the risibfe h 
appears In the filoi, but we tntist remove the tmaffected 
portions. This proceat is knowit as ^ fixing,^ but would 
be more descriptively nanied if it were called a " clear- 
ing ^ process. The chemicals in this bath havB oo eSeck 
upon the developed image^ they simply dtnolve away the 
unaff*ected portions of the film^ which if allowed to 
r&maiti would darken on fttrthe^ exposure to light, and 
thus destroy the picture* 

Leaving the production of the image upon the glass 
ncgattvei we turn to thi: photographic print on paper. 
We have become familiar with the fact that light pro- 
duces a visible image upon one kind of photographic 
paper, while it produces a latent image upon another kind 
of paper. The former is called a " printing-out-paper "" 
(P.O. P.), and the active part of the sensitive coating is 
composed of silver chloride. The action of light is to 
darken the silver chloride, and so the chemical change is 
visible at once. Exactly what the chemical change is has 
not been definitely determined, but the darkened sub- 
stance possesses less chlorine than it did before it was 
attacked by light. 

The colour produced by this darkening process is not 
very pleasing, but it may be altered by washing the print 
in a "toning*" bath containing a solution of chloride of 
gold or other metal. The print is still sensitive to light, 
and what really happens is that the toning solution 
deposits a very finely reduced powder of gold upon the 
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darkened portions of the print. This operation is carried 
out in daylight, because the sensitive coating is not so 
easily affected by light as that upon a sensitised photo- 
graphic plate. 

After the print has had a more pleasing colour pro- 
duced by the toning bath, it is necessary to remove all 
the unaffected portions of the still sensitive coat. This 
is done by another chemical bath, originally salt water, 
but now a solution of hyposulphite of soda is used. This 
process, although simply a clearing process, is known as 
" fixing the print.'' 

Having already considered the development of the 
latent image on the photographic plate, we need not 
trouble further with the similar development of the in- 
visible image produced on bromide paper. In this case 
the developed image will be a positive, as it has been 
printed through a negative. 

As the present volume does not endeavour to give any 
suggestions for the practice of photography, it may seem 
unnecessary to remark that the n^atives and the prints 
are always well washed between each chemical bath. It is 
necessary to stop one chemical action before setting up 
another, and one does not wish to carry chemicals firom 
one bath into another bath. 

In some of the earlier chapters I have had occasion to 
refer to the fact that ordinary daylight contains red, 
orange, yellow, green, blue, indigo, violet, and a great 
quantity of invisible rays. This fact is well demonstrated 
by analysing a beam of light through a glass prism. We 
have no difficulty then in testing the different part that 
each kind of light plays in photography. We havo 
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HOW LIGHT MAKES 

mlreftdr teen that tfak spertrunif blling upon a 
surface, mmkes pnicticmUy no chAiife vbcre tlie red and 
onuige imjq falL The jrellofr myn mm aknoit ^ualW m- 
active, vhile tlic green m?ti ha^c alsa venr little meHatk 
Looking at the visible spectmni, we have only blue, tiMligo^ 
and riolet rmyn left, and it ii tbew raji, more particulatlj 
the bluish violet, which attack the cheinicails tjpon tin 
ordinary photogmphic plate. It will be fememlwr^d, 
howerer, that an attack is aha cnade bj an ini^ible foe, 
for the wnaitiire surface is affected &r beyond the violet 
end of the fpectmoi. lode^d, we have seeB that it is 
possible to take a poitmit bj means of these tort^ble 
rays aJone (see illustration facing p. 196)* We are there- 
fore quite familiar with the fact that a lai^ proportion 
of the light which makes our photogmphs b quite 
invisible, and, indeed, that the very rays (yellow) which 
give us most light, according to our estimate of luminosity, 
are practically of no use in photography with ordinary 
plates. 

Attempts have been made to produce a photographic 
plate which should be affected by all colours in similar 
proportions to the effects produced in vision. It is 
impossible to do this perfectly, but the great difference 
between the ordinary photographic effect and that of our 
vision may be very considerably reduced, so that any 
coloured object may now be photographed without 
such strange results as might otherwise be produced. By 
way of illustration, let us take some extreme case. It 
may be asking too much of the reader to imagine a lady 
dressed in a bright yellow dress with blue trimmings upon 
it, but sup{)ose we have found the required subject in a 
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An Interior (Canterbury Cathedral) 

This photograph required an exposnre of one hoar, and was taken with a Thornton- Pickard 
Ruby camera. The very high root made it a diflkult subject, but it was overcome by havin, 
isiog front oa the camera. 
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circus rider. Her photograph would represent her in a 
black dress with light trimmings. The photographic 
chemist, however, has prepared surfaces which are sensi- 
tive, in certain degrees, to red, orange, yellow, and green 
rays. Plates prepared in this way are called orihochro- 
matic. 

The purpose of these orthochromatic plates is to repro- 
duce in the photograph a true proportion of light and 
shade. A yellow object is to look lighter and not darker 
than a blue object, as is the case in ordinary photographic 
plates, and so on. 

Then again we have plates specially prepared to be 
sensitive to one colour in particular, and these are of great 
service in photographing through the colour screens for the 
three-colour process of printing. 

When considering invisible tb,jSj in an earlier chapter, 
we found that photographic plates had even been made 
sensitive to the rays below the red end of the spectrum. 
These, however, are of scientific value alone. 

The chemistry of photography is a very complex 
subject; much mystery still remains, and a thorough 
understanding of the knowledge that has been attained 
requires one to be familiar with chemical sjrmbols and 
equations. It has only been possible in this chapter to 
give a very general idea of the way in which light makes 
a photograph. 
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CHAPTER XXIII 
CONCLUSION 

y 

AMONG all the wonderful things that were diBoovered 
during the fruitful nineteenth oentuiy^jiAalogpnt^^ 
must ever hold a very high position. We have all 
become so familiar with the art that we hare almost 
ceased to marvel at its achievements. 

We have no photographs of the late Queen Victoria as 
a girL Even when she ascended the British throne there 
were no photographers to record the coronation scene. 
At that very time Daguerre, in France, and Fox Talbot, 
in England, were busy trjring to entrap the image of the 
camera obscora. Now there are tens of thousands of men 
making photography their daily business, while a census 
of all the amateur photographers throughout the civilised 
world would make a library dt very bulky volumes. 

If one seriously considers the fact that a whole living 
scene may be registered by photography in one-thousandth 
part of a second, one cannot but be impressed with the 
marvellous achievement. 

Think what a small fraction of time a second is, and' 
try to imagine one-hundredth part of that. Then look at 
the illustration feunng page 268, and consider that the 
whole detail of that picture was recorded in one five- 
hundredth part of a second. It is, indeed, difficult to 
realise this fiict 
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Of all the wonders related in connection with photo- 
graphy, I think the phenomenon of the latent image 
remains the most extraordinary. We place a plate with a 
chemically prepared surface in a dark box, which has 
a small opening with a glass window formed by several 
pieces of cmnred glass. We have a dark blind over this 
window, but we withdraw the blind for the smallest frac- 
tion of a second. What has happened ? We take the 
plate and examine it in a dark room by the aid of a red 
lamp. We see the plate exactly as it was when we 
placed it in the camera. We wash the plate in a 
chemical solution and a real picture almost immediately 
appears. 

Suppose for a moment that some one individual had 
discovered all this on his own account, before Daguerre or 
Fox Talbot had ever dreamt their first philosophic dreams 
of recording the image of the camera obscura. Imagine 
this one ingenious individual calling together a dozen 
learned men of his time. He explains to them that he 
can get light to give him a perfect picture at a moment^s 
notice, and he proposes to demonstrate this fact. 

We picture the twelve philosophers watching the 
inventor place his prepared plate within the dark box. 
They examine the prepared plate in the dark room, and 
are all satisfied that it contains no hidden picture. The 
very darkness of this room, however, appeals to most of 
them as a rather suspicious feature. The red illumination 
is very subdued. Going out of doors, they watch the 
experimenter arranging his dark box on its stand. Light 
is to draw the view before them. The onlookers marvel 
at the audacity of the man, merely lifting off the dark 
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Bhtitter for a single motneiit. Another eicaminatiaQ in 
the dark room, and all declare that th^ axpcu-tment w 
a failure, there i» not the least sigo of ajiy pictum 
When the inventor explains that the picture is really 
there although it is invisible, I can imagine the twelfs 
good men joining in a hearty laugh. The chemical bath 
into which the inventor propo§es to put the pictoreles* 
plate is next exan lined, hut there seems no roora for anj 
trickery there. With what incredulity would the on* 
lookera watch the plate as the inventor made the chemical 
solution flow to and fro over it. At last the semblance 
of a picture does appear. Another chemical bath for 
the plate, and the inventor hands it to one of the amazed 
philosophers to take out into the daylight. Truly mar- 
vellous, but, alas, everything is reversed ! Black objects 
appear white, white objects appear black, and the right 
and left hand sides of the picture are transposed. The 
inventor explains that this reversal, instead of being a dis- 
advantage, is exactly what he desires, for he proposes 
giving each philosopher a corrected copy of the picture. 

The inventor produces a large sheet of white paper which 
he has prepared. He asks any one of the onlookers to cut 
from this sheet twelve pieces of paper, each equal in size to 
the glass plate. There can be no trickery here, for if the 
paper did contain any hidden pictures they would run a 
certain risk of being cut through the centre. This time 
the inventor explains that he will save the gentlemen the 
trouble of leaving the dark room. Having placed the 
glass picture on the top of one of the pieces of prepared 
paper, he simply produces a bright flash of light. He 
then places this piece of apparently pictureless paper in a 
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chemical bath, and yery sood a picture appears. Another 
chemical bath and the picture is handed to the philo- 
sophers, who hasten to examine it by daylight. This 
picture is true to nature — ^black objects appear black, 
white appears white, the right and left hand sides are as 
they should be, and the whole variety of light and shade 
is perfectly portrayed 

Of course, this demonstration never occurred just in 
the manner here described. I have merely asked the 
reader to draw upon his imagination in order to impress 
him with the true romance of photography. It has all 
happened, but not just so suddenly. Who can fail to be 
impressed with Daguerre^s accidental discovery of the 
latent image ? It reads far more like a fairy tale than 
real life. 

"^ There must be few homes to-day in any civilised 
country in which photographs are not to be found. In 
many of our homes there are hundreds of such pictures. 

Passing over the sentimental side of the subject, it 
must be obvious to all that our knowledge has been very 
greatly extended by such photographs as travellers in 
distant lands have obtained and brought home. Every 
traveller is not an artist ; but, armed with a camera and 
photogn^hic plates, he can bring home faithful pictures 
of all the curious tribes and people he meets. We see the 
natives^ huts, their mode of living, and the strange vegeta- 
tion. In connection with exploration alone, photography 
has been of the very greatest interest and service. 

Inst.ead of ** killing ^ the painter^s art, photography has 
been of great assistance to the artist, in recording details 
which it would take too long to draw from nature. Then 
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we benefit by the photographic reprodaetioiis of 
roa^terpieoes. 

We have seen how it is photogmphy that proridet 
with the beautiful book lUustratioas of the present day* 

We have also seen how the eye of the camera has been 
able to look farther into the heavens than the human eye 
can do. Photography has faithfully recxirded the presenee 
of stars which man can never hope to see^ even with the 
very best of telescopes* 

By means of photographs taken through the mioo- 
scope, the student may examine the invisible germs of 
disease and learn to recognise the forms of difierent 
bacteria. 

The surgeon photogra{di8 the livmg akeleton and 
records the daily progress of a troublesome fracture. 
Indeed, photography enters into the whole realm of 
science, assisting in a multitude of different ways. 

Returning for a moment to the pictorial side of the 
subject, and passing over the marvellous living pictures 
which photography gives us through the medium of the 
cinematograph, it is interesting to note that permanent 
records of important subjects are being stored in the 
British Museum and elsewhere. TTie National Photo- 
graphic Record Association reports that about four thou- 
sand records have been lodged already in the British 
Museum alone. These should prove of great interest to 
future generations. 

As regards the future of photography, he would be a 
bold man who would prophesy. Colour photography has 
got on to new lines recently, and its future looks more 
hopeful. 
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It has now been found possiUe to transmit photographs 
by means of electricity. Is it possible that some day we 
may yet be able to see the distant friend as he speaks to 
us by telephone ? 

It must be admitted by the least enthusiastic that 
during the last fifty years photognq)hy has done extrar 
ordinary things; and may we not hope that still more 
wonderful achievements will be accomplished by this great 
invention of the nineteenth century P 
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APPENDIX 

THE more studious reader may be glad to have the 
following synopsis of historical facts and dateSj arranged 
in a conyenient form for reference. 

DISCOVERY OF PHOTOGRAPHY 
1650 
The alchemists of the sixteenth century observed that 
sUver ores changed colour when taken from the mine. 
They also made silver nitrate. 

1558 
Giovanni Battista della Porta exhibited a camera obscura 
to his friends in Italy ; he was not the inventor. 

1727 
Jdiann Heinrich Schultxe, a German physician, amused 
his friends by getting light to print stencil designs upon a 
liquid mixture of chalk and silver nitrate. He then caused 
the printing to disappear by shaking the bottle. It is 
obvious that he only looked upon the phenomenon as an 
amusing incident 

1787 
Hellot coated paper with a solution of silver nitrate, and 
showed that it was darkened by exposure to light His only 
concern, however, was to make a secret ink. The solution 
was colourless, and hence the writing was invisible until 
exposed to light 

1774 

C3uurles William Scheele, a Swedish chemist, studied the 
chemistry of the action of light on silver salts. He foond 
thmt the violet rays of the spectrum were by lar the most 
active. 
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1701 
Thomas Wedgwood, a son of Use great potter, made 
ccintact prints of opaque objects upon paper pre^red with 
silver salts, but he could not fiic them. 

1795 

Ix^rd Brougham is stated to hfive suggested a way of 

making '* permanent *' the image of tlie camera obscura, hj 

allowing it to fall upon «i '^surface of ivory rubbed wilh 

silver nitrate/' He sought to do this through the Royal 

Sticiety, but he declared afterwards that the secretary 

deleted this suggestion from the paper. No doubt it was 

considered impractieahle. 

* 1801 

J. W. Ritter, of Jena (Germany), discovered that paper 

prepared with silver chloride was darkened hy the invisible 

rays beyond the vialet end of the spectrum. 

18Q2 

Thomas Wedgwood and Sir Humphry Davy read a 

paper before the Royal Institution (London) on securing 

copies of drawings made on glass, by placing these in 

contact with paper or white leather prewired with silver 

nitrate. They failed to make the prints permanent. These 

experimenters tried to entrap the image of the camera 

obscura, but found the light insufficient for the chemicals 

upon their paper. 
* * * 1810 

J. T. Seebeck was able to produce the colours of the 

spectrum upon moist chloride of silver. The results were 

very imperfect and could only be examined in a very subdued 

light, while they soon disappeared on exposure to the air. 

1813 
Joseph Nicephore Niepce, of Chrdons-sur-Saone, France, 
tried to prepare lithographic stones by the action of light. 
He made the drawing transparent and then tried to print it 
on to the surface of the stone, which he had previously 
treated with silver salts. He could not fix the results ; the 
stone soon blackened all over its surface. 
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1816 
Ni^pce tried seriously to fix the image of the camera 
obscura. With very long exposures he obtained some 
imperfect results^ but could not dx them. A few years later 
he was successful in making permanent prints of drawings 
on bitumen of Judea. He called his process '^ heliographj." 
His next attempt was to fix the image of the camera obscura 
by this means^ and he succeeded in some measure^ though 
the pictures must have been more like shadows or profiles. 

1824 
Louis Jacques Mand6 Daguerre^ a scene painter in Paris^ 
endeavoured to fix the image of the camera obscura^ in order 
to help him in his profession. He first of all tried the silver 
salts^ but with little success. 

1829 
Ni^pce and Daguerre revealed their secrets to one another 
and joined in partnership. 

1883 

Ni^pce died^ having seen but little advance during his 
partnership. Daguerre soon abandoned the old process and 
got on to new lines. 

1835 

William Henry Fox Talbot^ an English gentleman of 
means, who had been making experiments since 1833, 
succeeded in obtaining pictures of his country residence^ by 
means of the camera obscura and paper prepared with silver 
•alts. He had not heard of the experiments previously 
made by Wedgwood and Davy, nor was he aware that 
Daguerre was at work upon this subject in France. 

1838 
Daguerre accidentally discovered a means of developing 
the latent image. Along with Ni^pce junior, he received a 
pension from the French Government for disclosing the 
secret of the daguerreotype process. 
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1839 

Fox Talbot, disappointed at having been forestalled by 
Daguerre, made knovm bis process of ^''photogenic drawing/' 
Talbot's invention was really the basis of modern photo- 
graphy. He produced a negative from which any ntunber 
of positives could be printed* 

1B39 

Some months later Daguerre's process was publidy 

explained in Parifl, 

' 1839 

Sir John Herschel proposed hyposulphite of soda for 

"fixing" the pictures Instead of common salt^ as formerly used. 

1840 
J. Goddardj a lecturer in Londoni applied bromine to 
Dagiterre's plates, along with the iodine, and made a much 
more sensitive surfacej thus greatly reducing the time 

required for exposure. 

Photographic studios were opened in Great Britain. 

1841 
Special photographic lenses were made for the first time. 
These reduced the time of exposure to one-tenth of that 
previously required. 

Fox Talbot patented his later process of "calotype/* in 

which the sensitiveness of his paper negatives was greatly 

increased. He used iodide of silver and a solution of gallic 

acid and silver nitrate. 

1841 

Up to this time the processes of developing, etc., were 

carried on in total darkness. At this date a patent was 

taken out for the use of red lamps. 

1848 

Ni^pce de St. Victor, a nephew of the original Niepce, 

introduced the process of coating glass plates with albumen 

containing iodide of potassium, and then sensitising them by 

dipping them in a bath of silver nitrate before exposing them. 
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1851 
Frederick Scott Archer^ a London sculptor, introduced 

the wet collodion process. 

1856 
Dr. Taupenot, in France, produced the first dry plates. 

1864 
Sayce and Bolton used coUodion emulsion for making dry 
plates. 

1871 
R. L. Maddox substituted gelatine for the coUodion 
emulsion, but these plates did not come into use till some 
years later. 

BOOK ILLUSTRATIONS 

1826 
Ni^pce copied drawings in line on to metal plates by 
means of light. He prepared the plates with a surface of 
bitumen of Judea, and etched the exposed lines with add. 
He used the etched plates for printing. 

1889 
Mungo Ponton demonstrated the fact that potassium 
bichromate, when dried, was changed by exposure to light, 
and that the unexposed parts might be washed away. This 
gave us the basis of the modem processes of transferring 
photographs to the sur&ce of printing blocks. A few years 
later Fox Talbot practised what we now call photogravure. 

1876 
Zincotype, or line drawings reproduced on zinc blocks, 
by photography. 

1884 
Half-tone process, by which any photograph may be 
refooduced on printing blocks. 

1806 
The three-eohmr process of printing. 
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MISCELLANEOUS 

1S92 
Animated pictures. Edison's kinetoecope, followed in 
1 895 by Luml^re's cin^martograph. 

1895 
Colour pfaoto^aphy. Ives, of Philadelphia, took three 
separate photographic records, through red, grecn^ and violet 
colour screens. He then reproduced the coJonr picture by 
means of three magic lantems, using the same colour screens. 
All the other processes of colour photography were soboe- 

quent to this- 

1805 
X-ray photography. 

1907 
Professor Kom perfected his syitcm of telegrmphing 
photographs over great distances. 



It may be of interest to note how the time of exposure 

required for taking photographs was gradually decreased by 
each successive invention. 

Niepce's heliography in 1 S'27 requiredan exposure of 6 hours. 
Daguerre's process in 1839 ,, ,, 30 minutes 

(afterwards greatly reduced) 
Talbot's calotype in ISH ,, „ 3 minuter 

Archer's wet collodion in 1851 ,, „ 10 seconds 

Dry plates (gelatine) in 1878 „ ,, 1 second 

Fast j)lates to-day „ „ joVo^'^ second 

Electric spark photographs t«aken in about Kjoiocia^^^ second 

It may also be of interest to note the different periods 
during which the different processes held sway. 

Daguerreotype was practised from 1839 to 1831-. 
Talbotype ^ „ „ 1841 to 1853. 

Wet collodion ,, „ 1851 to 1880. 

After this the arrival of the dry plate very quickly made 
photography a popular pastime. 

THE END 
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THE ROMANCE OF 
MODERN ELECTRICITY 

DB8CRIBINO IN NON-TECHNICAL LANOUAOB WHAT 18 KNOWN ABOUT 
BLBCTRICmr ^ MANY OF ITS INTBRB8TINO APPLICATIONS 

By CHARLES R. GIBSON, A.I.E.E. 

AUTBOB OF " BUBOTBIOITT OF TO-DAT,** BTO. 

Bxira Crown Soo. WUh ^ lUuMiraiiom and II I>icu;n^m$, S». 

** BmTwbare Mr. OhariM R. GIbBon maket admbmble me of simple aiudogiee which 
bespeak the pntctised lecturer, and bring the matter home without technical detaiL 
Hie attention ii ftirther sustained by a series of surprises. The deecripUon of 
eleetrlo unite, the Tolt, the ohm, and especially the ampere, is better than we hare 
ftmnd in more pretentious works. "'iloadMiy. 

" Mr. Gibson's style is rery unlike the ordinary text-book. It is fresh, and is noo- 
technical. Its tkct» are strictly scientific, however, and thoroughly up to date. If we 
wish to gain a thorough knowledge of electricity pleasantly and without too much 
tRmble on our own part, we will read Mr. Gibson's * Romance.' "—RxpotUory Timm. 

**A book which the merest tyro totally nnaoquainted with elementary electrical 
principles can understand, and should therefore especially appeal to the lay reader, 
■special interest attaches to the chapter on wireless telegraphy, a sul^ect which 
is apt to ' floor ' the uninitiated. The author reduces the suttjtfct to itn simplest aspect, 
and describee the fundamental principles underlying the action of the coherer in lan- 
guage so simple that anyone can grasp them."— iUselrietty. 

"Oontains a clear and concise account of the various forms in which electricity is 
used at the present day, and the working of the telephone, wireless telegraphy, 
tramcars, and dynamos is explained with the greatest possible lucidity, while the 
marvels of the X-reys and of radium receive their due notice. Now that electricity 
plays such an all-important part in our daily life, such a book as this should be in the 
hands of every boy. Indeed, older people would leom much from its pages. For 
instance, how few people could explain the principles of wireless telegraphy in a 
few words if suddenly questioned on the sul^ect. The book is well and appropriately 
iUustnted. "—Graphic. 

"Mr. Gibson sets out to describe in non-technical language the marvellous dis- 
coveries and adaptation of this i>ervasiye and powerful essence, and being a most 
thorough master of the sul^ect, he leads the reader through its mazes with a surs 
hand. Throughout he preserves a clear and authoritative style of exposition which 
will be understood by any intelligent reader."— Forksfcirs Obatrvtr, 

" A popular and eminentiy readable manual for those interested in electrical appli- 
aocee. It describes in simple and non-technical language what is known about 
electricity and many of its interesting applications. There are a number of capital 
illustrations and diagrams which will help the reader greaUy in the study of the 
book."— Jtieoni. 

SEBLEY &* CO., Ltd., 38 Grsat Russkll Stebet 



THE ROMANCE OF mSECT LIFE 

DMcmiiiKa TBI cinuoim ^ aimwanno a ra* naaer woKut 
Bt EDMUND SELOUS 

Atmnm «r '*TttM mauAvos or ma aiiiii4l wqUi^i'* tfc, 

WUK SixU4n ntuiiraihm. B^ra Drmm Svo, Af. 

" An vEiterWiiliig Tolujna, otifl men of ft tnlM vMoh **i«kii wttih mii«h •aee«a* to 
dwiltv U)« WDDden of n^tiin and iiot«a« lo ilmplat iltrKUn tomL"— QfapMe. 
"Offtti mort tntynwrting dftiKiflptirHif Qf lb« mtnui^i? And tnifloiiA l[ih*blt«rita of %M 

uid f«l1ow^ Lr^enfUi and. elCAdaJt, ImH iJt4 tMitUrflL^*, A;E»rdr^n itRd bppntlAa, eoorpliifit 
Hnd tx)i^Ti»ch(M— ixid WT-wSftltj »Rt*-*lUi fc Tmllir Jri^nUAc ti3T««ti|ar*tJon of Uwtf 
wuti^lArtalbahltii^QOt Lei drr dpLafl, but lii tn^ uid cn^ni^ln^ a¥po«1t9>in KaJ lUiri^Tq^ 
Aik hlmlnble bcnk to put In tti4 ti«ndd Of* bof or glci vlUi ft tura Cor uliuvX k^omv 
—Kid whftthar or Bot ^--J6liw5ai%o«dl TXmii. 

"BoUt |iit«r<Mtlii(! ftnii) LaiitnicUT«. flneti ft irart ftf tbli li ivniilfHl; odimllnv 
Th^f* ftre niiHinroai [Hinti*tlou«,'*^Lt»fTWof C^mUt. 

"With bfl*taiAji oflgfbft] drtwtTtc* by Ckrtrtn Moor* l**rlt ftnd I.*BOSlfJt Sp«il, ktid 
BfTW- timely botind Lo dftrk blin> doth, blaiuniK) wJtJi Muietimii goM/*— t**^. 

'\AdmtTmbl7 vrSUflQ ftnd huMliocnoIr pttadtioad Ut, Selotu'i toIobu iiboin ei««nil 
mcwn^h, uul thft LUuftrftUooi of IHM^ ftod IfaA imlu of itiMr povm tm nU 

THE ROMANCE OF MODERN 
MECHANISM 

IKTERESTIKO DMCRIPTIOKS IK KOK-TECHKICAL LAHOUAOK OF WOKDERnn. 

MACHINERY, MECHANICAL DEVICES, <5f MARVELLOUSLY DELICATE 

SCIENTinC INSTRUMENTS 

Bv ARCHIBALD WILLIAMS, B.A. (Oxon.), F.R.G.S. 

AUTHOR or "TH« ROMAMCB OF MODRRN BXPLORATIOK," ETC. 

With TxDmxty-nx lUuttrationt. Extra Crovm Svo. St. 

" No boy will be abl«^ to resist the dplip:hta of this book, ftill to the brim of instnic- 
tlve and wonderful matter."— Brifi*^ H'eekly, 

"Tliis book ha« kept your reviewer awake when he reasonably expected to be other- 
wise enKTiRwl. Wti do not remember coming across a more fascinating volume, even to 
a poniowhat blos^ reader whoHe busint'SH it is to road all that comes in his way. The 
in.irv»'ls, miracleH they should be called, of the modem workshop are here exploited by 
Mr. NViilianis for the l)enent of rejulors who have not the opportunity of seeing the^e 
wniid*!^ or the neres-^ary mathematical knowledge to understand a scientific treatise 
on thtiir working. Only the simplest iankniage is used and every effort is made, by 
illustnition or by analogy, to make sufficiently clear to the non-scientific reader how 
the particular bit of machinery works and wliat its work really is. Delicate instru- 
meiiU, calculating machines, workshop raachinerj', portable tools, the pedrall, motors 
ashore and afloat, fire engines, aut^iniatic machines, sculpturing machines — these are 
a few of the chapters which crowd this splendid volume." — Kducational Newi. 

" It is difficult to make descriptions of machinery and mechanism interesting, but 
Mr. Williams haa the enviable knack of doing so, and it is hardlv possible to open th>a 
book at any page without turning up something which you feel you must read ; and 
thon you cannot stop till you come to the end of the chapter. "—iE(«c<rici<y. 

" This book is full of interest and instruction, and la a welcome addition to Measn. 
Seeley and Company's Romance Boriea. "—L««d« MerewTf. 

" A book of abaorbing interest for the boy with a mechanical torn, ftod tndeed fbr 
the general nmder. "—KducatUmal Timet. 

"An instrnctlre and well-written volum©."— //oW>(«. 

SEELEY dr* CO., Ltd., 38 Grbat Rusuell Strbtt 
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THE ROMANCE OF THE 
ANIMAL WORLD 

DMOEIlUrO THX OVUOVS AJTD UlTBBItTUfO IH NATV&AL BIITOST 

By EDMUND SELOUS 

Wiik SixUsn/iai-pagi lUudraHoM 

** Mr. Selooi takef a wide imnge In Nature, he baa aeen inanj nonderi whieh ha 
relatea. Open the book where we will we find eomethlng aatonlahlng.**— ^IMctalor. 

**It ia in truth a moat Ikacinating book, aa ftill of inddenU and aa varioQa in 
Intereat aa any other work of imagination, and, beyond the nleaaure in the reading 
there is the •atiafkcUon of knowing that one ia in the handa or a genuine authority on 
aooM of the moet pictureaque 8nq)ecta that natural hiatorj aiforda. Mr. Beloua 
method la atrong, aafe, and aoond. The rolume haa numeroua llluatrationa of a high 
Older of woriunanahip and a handiome binding of atriking deelgu. 

sSkoci Qottnmmkt Chfnm,id», 

**Thia la a Terj Ikacinatinff Tolume, f^ of pictnreaauely written deecripUona of the 
life, habita, and cuitomi of a number of birds and beaata. Including beaYera, leali, 
bean, penguina, crocodilee, and a hoet of other oreaturea."— (Trc^Ate. 

'*A ftind of infonnation and amnaement will be found in the pagea of thla band- 
aomely bound book. Prom the loweet animals of all, the Infuaoria, to the lion and 
the elephant, all come within the range of Mr. Beloua' observation, and he builda up 
out of the Taat material at his disposal a Tery readable narratlTe. The Ulnatntknia 
are oareAilly dimwn, and are very true to nature."— JUncolioM. 

"The Yolume would make an excellent present Ibr an intelligent boy, being f^ of 
Interesting and sometimes thrilling stories fkom the wide field of natural hlatonr. It 
la well written in a dear, eaay style which is to be commended. Mr. Bdmund Selooa 
has made a most Intarmting collection of striking flusts, and the book haa one of tha 
prattieat covers that I have aeen."— iXii^y timm, 

THE ROMANCE OF 
MODERN EXPLORATION 

wtra DHQumova of ou&iooa cmroiia, nnuLUHa Ai>TB«TUBaa, aud 
nrraAaBTiso DiaooTamin of ■zn.ouaa w all tuen of tva wobia 

By ARCHIBALD WILUAMS, B.A, (Oxon.X F.ILG.S. 

WUk TwenJty-rix lUuttroHoia 



**A. mina of inlbnnation and stirring inddant." 

** Mr. Williams is most catholic in his choice, taking his readers to aoar In a balloon 
with the luckless Andree, to wander in AfHcan forests and Australian deserts, to seek 
for the North Pole with Nansen, and even to note such an up-to-date expedition aa 
that of the * Disooverv' in Uie Antarctic Regions, to dte but the most prominent. Mr. 
WilUana haa done this work most Judiciously, ... a book wh£eh will delight 
both young and old alike."— GropMe. 

*' The book unites strong natural attraotiveneaa with valuable geographical Informa* 
tioii to a degree probably unequalled by any other that might be offered aa appropriate 
for the purpoae of a gift book or the recreative library."— ^JcAooi Oewmawnl Cknmidt. 

" It la a kind of epitome of the beat travd booka of our time, and la axoaedingly 
wall done."— Jeodesif . 

S££L£Y df CO^ Ltd., 38 Great Ruiull Strbct 
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THE LIBRARY OF ADVENTURR 

With 10 IthUrniimm. FMra Vratmi %m, Enek 5*, 

"" D^nghttikl book« of adTcntiuraw bft&utlfuilv prlntoii &iid tt^tm- 
fully tfot up"^^iitieatii>inii Tim^s. 

"Amonf Uie more Interevtliitf of fflft^book* — -Unm kind of 
m&terlai that ftult* the manly boy/*— '^tAf'^own. 

ADVENTURES ON THE HIGH MOUNTAINS. By 
RicuABrt St^ad, B,A., F.R^HistS*^ author of "AdvetiturtsB 
on the Great lUrerm/* &g. 

ADVENTURES IN THE GREAT FORESTS. ByG.W.R 
HvtisT, author of *' Adventures in the Gri?at Deserts/* &c» 

ADVENTURES IN THE GREAT DESERTS* ByG.W.F, 

HvRflT* 

*' Mr. Ujnt wHiM vliKirouily and w«Ll tn IhiM Admtnfali' book. HiarDughi; abKirtK 
\ug and (txtroniflly nftdable."— liwrpcol CottHtr^ 

ADVENTURES ON THE GREAT RIVERS. By Richard 
Stead, B,A., F.R.Hist.S. 

" Attrnrtive nii'l fasciiiatiiii.'. Kirnn ho^'inIUI^r to eml tho volurno is crowilf<l with 
exlnionlinary aLoriuji of huioisin anJ adventure. It in capitally illu-str-ali-^i." 

H't^tcru Lkiily I'rtss. 

HEROES OF THE WORLD LIBRARY 

Each volumv fully illustrated. Extra Crown Sw. 5*. 

HEIIOKS OF MISSIONARY ENTERPRISE. True stories 
ot'tlic intrepid bravery and stirring adventures of Mission- 
aries in all parts of the world. By the Rev. Claud Field, 
M. A., sometime C.M.S. Missionary in the Punjaub. With 
"J t illustrations. 

HEROES OF PIONEERING. By the Rev. Edgar Sandeh- 
80N, M.A., Scholar of Clare College, CambritlgCj author 
of "Outlines of the World's History," <S:c. 



SEE LEY vSi CO., Ltd., :58 (jreat Russell Street. 
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POPULAR SCIENCR 

THE GREAT WORLDS FARM. Some Aoooimt of Nature's 
Crops and How they are Grown. By Selina Gatb. With 
a Preface hy Professor Boulqul With Sixteen Illustrations. 
Second Edition. 6s. 
*'A fMoinating ▼olnine of popular sdenod."— Timo. 

SUN, MOON, AND STARS. A Book on Astronomy for Be- 
ginners. By Agnbb Gibernb. With Coloured Illustrations. 
Twenty-fifth Thousand. 6s. 

THE WORLDS FOUNDATIONS. Geology for Beginners. By 
AoNK GiBBRNB. With Illustrations. Seyenth Thousand. 6s. 

*' The exposition is clear ; the itjle simple and attraotiye."— <S^to/<^. 

THE OCEAN OF AIR. Meteorology for Beginners. By AoNn 
GiBBRNB. With Illustrations. Fifth Thousand. 6s. 

" Mies Oibeme can he accurate without heing formidable, and unites a 
keen sense of the diffioaltiea of beginners to a full comprehension of the 
matter in huid."— Saturday Rtview, 

AMONG THE STARS; or. Wonderful Things in the Sky. 
By AoNK GiBERNB. With Coloured Illustrations. Seyenth 
Thousand. 6s. 

" An attempt to teach tstronomy to small ohildrsn ... it is yery well 
done.'* — Saturday Review, 

THE STORY OF THE HILI^ : A Popular Account of Moun- 
tains and How they were Made. By the Rey. H. N. Hutchin- 
son, F.G.S. With many Illustrations. 66. 

"A charmingly written and beautifully illustrated account of the 
making of the mountaiua." — Vorktkire Poet, 

WIRELESS TELEGRAPHY. Popularly Explained. By Richard 
Kkrr, F.G.S. With Preface by Sir W. H. Prbbcb, K.C.B., 
F.R.S., and many Illustrations. Sixth Edition, Revised. 
Is. 6d. 

"The author hat achieved conspicuous success in his attempt to give 
the general public a good nnderstandioff of the principles underlying 
the various systems of wireless telegrapny. Capitally illustrated. "~ 



SEELEY ^ CO^ Ltd^ 38 Great Russell SniErr. 



EVENTS OF OUR OWN TIME, 

*f trfJWr lUuMiTQiiQm, in &rira Vnsum Bp0. Ohik^ St. 

TIIK WAR IN THE CmiMEA. By Gineral Sir SinrAM 
il4itt.xv, KX.a With Kiv<3 Mii^ and FIaiUj uid F4Mr J 
PortmiU on Cofiper, tkreutb E4lUo[u 

TIIK INDIAN MtniNY OF 1857- By Coloael Malubop, 
C^SJ. With 'llir«Mi I'kys, ftu4 Four PortruU <ui Coppttr. 
Saveatli Editiuii. 

THK AFGHAN WARS OP 1830-1842 Ain* 187S-IS80, Bjr 
Aat^HiiiAiJ) FoRnui* With Five M&pi ftzid PUiis, «i}d Foaf 
Poririita o<i C'oppor llonl EditloiL 

THE RKFOUNmNG OP THK GERMAN EMPIRE, Bf 
CuIoiiqI M^ijjOMiifj C.ij.l. With Fire Mafi uul l^iaoi, and 
Four Furtraiti on Coupes. 

THK LIBKRATION OF ITALY, 1816-1870. By the Countess 
Martinknoo Ckmarkscu. With Portraits on Copper. Second 
Kditiou. 

OUR FLKKT TO-DAY AND ITS DKVKLOPMENT DURING 
TIIK LAST HALF-CKNTURY. By Rear-Admiral S. 
Kauiiucv WiuiOT. With many Illustrations. New Edition. 

Uniform wUh the above, 

TIIK WAR IN THE PKNINSULA. By Alexanmb Innks 
SiiANi). With Four Portraits on Copper, and Six Plans. 58. 

"Admirably lucid and well proportioned." — Olasgov Herald, 

GRKAT BRITAIN IN MODERN AFRICA. By Edgar 
SANDKH80N, M.A. With Four Portraits on Copper, and a 
Map. 5s. 

** Undoubtedly the best summary of modem African history tluit 
we have had."— i'a// Mall UazsUs, 
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